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RTs fH ANCED NGL RECOVERY UTILIZING REFRIGERATION 
AND REFLUX FROM LNG PLANTS 
Background of the Invention 
Field of the Invention 

5 The present invention relates generally to methods and ^paratus for high recovery 

of hydrocarbon liquids from mefliane-rich natural gases and other gases, e.g., refinery 
gases. More particularly, the present invention provides methods and apparatus for more 
efficiently and economically achieving higji recovery of ethane, propane, propylene and 
heavier hydrocarbon liquids (C2+ hydrocarbons) in association with liquefied natural gas 

10 production. 

Deficri ption of the Background 
Due to its clean burning characteristics and the implementation of more stringent 
environmental regulations, the projected demand for natural gas has been increasing 
during recent years. In addition to methane, natural gas includes some heavier 

15 hydrocarbons and impurities, e.g., carbon dioxide, nitrogen, helium, water and 

non-hydrocarbon acid gases. After compression and separation of these impurities, 
natural gas may be further processed to separate and recover heavier hydrocarbons as 
natural gas liquids (NGL's) thereby producing pipeline quality methane. The pipeline 
quality methane is then delivered to gas pipelines as the sales gas ultimately transmitted to 

20 end-US^. 

In the case of remote gas production or distant gas markets, transportation of 
produced natural gas via gas pipeline might not be economical or even feasible. 
Accordingly, liquefection of natural gas has become a viable and widely adopted scheme. 
The economics of liquefying natural gas is feasible due mamly to the great reduction in 

25 volume as the gas is converted to a liquefied state, making it easy to store and transport. 
Another advantage of converting the produced natural gas to a liquefied form is that the 
produced LNG can be economically stored to si^iplement mergy suppliers during 
seasonal peak demand periods. Liquefied natural gas, typically stored at near atmospheric 
pressure and at temperatures of about -260*^ F, is transported to distant markets via 

30 refrigerated tankers. ^. 

Processes for the hquefaction of natural gas are well known in the art. Natural gas . , 
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comprising predominantly methane enters a LNG plant at elevated pressures and is 
pretreated to produce a purified feed stock suitable for liquefaction at cryogenic 
temperatures. The pretreatment typically includes removal of acid gases, e.g., hydrogen 
sulfide and carbon dioxide, together with other contaminants, including moisture and 
5 mercury. The purified gas is thereafter processed through a plurality of cooling stages 
using indirect heat exchange with one or more refiigerants to progressively reduce its 
temperature until total lique&ction is achieved. The pressurized liquid natural gas is 
sub-cooled to reduce flashed vapor through one or more expansion stages to final 
atmospheric pressure suitable for storage and transportation. The flashed vapor &om each 

10 e^ansion stage, togetiier with the boil oS gas produced as a result of heat gain, are 
collected and used as a source of plant fiiel gas with any excess recycled to the 
liquefaction process. 

Because a significant amoimt of refiigeration energy is required for liquefying 
natural gas, the refiigeration system becomes one of the major xmits in a LNG facility. 

15 Mechanical refrigeration cycles mostly in closed circuit are often employed in LNG 

projects. A nimiber of liquefaction processes have been developed with the dijBferences 
mainly found in the refiigeration cycles used. The most conamonly used LNG processes 
can be classified into three categories as follows: 

1) The cascade process presents the bmefits of easy start-up and easy shutdown. 
20 The cascade process consists of successive refiigeration cycles using propane, ethane or 

ethylene, and methane. The thermal efficiency can be readily enhanced by the use of 
multi-stage compressors. United States Patait No. 5,669,234, incorporated herein by 
reference, represents an exemplary cascade process. 

2) The propane pre-cooled mixed refiigerant process involves the use of a 
25 multi-component mixture of hydrocarbons, typically comprising propane, ethane, 

methane, and optionally other lig^t components in one cycle, and a separate propane 
refiigeration cycle to provide pre-cooling of natural gas and the mixed refiigerant to about 
—SS^F. The propane mixed refiigerant process advantageously provides improved 
thermal efficiency. However, a significant disadvantage results from the use of extremely 
30 large spiral woimd exchangers. Such exchangers are a long lead item requiring special 
facilities in the field to manufacture. Examples of the propane mixed refiigerant process 
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include those disclosed in United States Patrait Nos. 4,404,008 and 4,445,916, 
incorporated herein by reference. 

3) The single, mixed refrigerant process includes heavier hydrocaibons, e.g., 
butanes and pentanes, in the multi-componmt mixture and eliminates the pre-cooled 
5 propane refrigeration cycle. It presents the simplicity of single compression in the heat 
exchanger line and is particularly advantageous for small LNG plants. United States 
Patent No. 4,033,735, incorporated herein by reference, represents an oxempleay single, 
mixed refrigerant process. 

The use of a turbo expander in combination with mechanical refrigeration cycles 

10 has also been adopted in many LNG processes. Examples of the use of a turbo expander 
are disclosed in United States Patent Nos. 3,724,226; 4,065,278; 5,755,1 14;4,970,867, 
5,537,827; and Int'l Patent No. WO 95/27179. 

In addition to methane, natural gas typically contains various amounts of ethane, 
propane and heavier hydrocarbons. The composition varies significantly depending on 

15 the source of the gas and gas reserve characteristics. Hydrocarbons heavia: than methane 
need to be removed from LNG for various reasons. Hydrocarbons heavier than pentane, 
including aromatics, having high freezing points must be reduced to an extremely low 
level to prevent the freezing and plugging of process equipment in the course of the 
cooling and liquefaction steps. After separation of these heavy components from LNG, 

20 they provide excellent gasoline blending stock. Many patents have been directed to 

methods for removal of these heavy hydrocarbons. For instance. United States Patent No. 
5,325,673 discloses the use of a single scmb colimm in the pretreatment step operated 
substantially as an absorption cohmm to remove free2:able C^^ components from a natural 
gas stream feeding to an LNG faciUty. The recovered heavy liquid can subsequently be 

25 fractionated into various fractions for use as make-iq) refrigerants. United States 'Patent 
No. 5,737,940 describes an exemplary system incorporated in a cascade process. 

Besides being Uquefied as part of LNG and used as ftiel, lighter natural gas liquid 
(NGL) components, e.g., hydrocarbons having 2-4 carbon atoms, can also be a source of 
feedstock to refineries or petrochemical plants. Therefore, it is often desirable to 

30 maximize the recovery of NGL to enhance revenue. To achieve high recovery of these 
components, it is common practice to design an NGL recovery plant so that the tail gas 



WO0188447 [htt p ://wvAy,getthepatent.cofn/Logln.dog/$sandy tPage6o^J9 

r 1 

WO 01/88447 PCTAJSOl/15721 

-4- 

produced by the NGL recovery plant and comprising primarily methane is delivered to the 
LNG faciUty for liquefaction. United States Patent Nos. 5,291,736 and 5,950,453 are 
typical examples of such combined faciUties. 

Among several different NGL recovery processes, the cryogenic e^ansion 
5 process has become the preferred process for deq> hydrocarbon liquid recovery. In a 
conventional turbo-expander process, the feed gas at elevated pressure is pretreated for 
the removal of acid gases, moisture and other contaminants to produce a purified feed 
stock suitable for further processing at cryogenic temperatures. The purified feed gas is 
then cooled to partial condensation by heat exchange with other process streams and/or 

10 extemal propane refiigeration, depending upon the richness of the gas. The condensed 
liquid after removal of the less volatile components is then separated and fed to a 
fractionation column, operated at medium or low pressure, to recover the heavy 
hydrocarbon constituents desired. The remaining non-condensed vapor portion is 
turbo-expanded to a lower pressure, resulting in further cooling and additional liquid 

1 5 condensation. With the expander discharge pressure typically the same as the column 
pressure, the resultant two-phase stream is fed to the top section of the JBractionation 
column where the cold liquids act as the top reflux to enhance recovery of heavier 
hydrocarbon components. The remaining v^or combines with the colimin overhead as a 
residue gas, which is then recompressed to a higher pressure suitable for pipeline deUvery 

20 or for liquefaction in an LNG fiicility after being heated to recover available refiigeration. 

Because a colunm operated as desaibed above acts mainly as a stripping column, 
the expander discharge vapor leaving the column overhead that is not subject to 
rectification still contains many heavy components. These components could be fiuther 
recovered through an additional rectification step. Ongoing efforts attempting to achieve 

25 a higher liquid recovery have mostly concentrated on the addition of a rectification 

section and the generation of an enhanced reflux stream to the expanded vapor. Many 
patents exist purporting to disclose an improved design for recovering ethane and heavier 
con:q>onents in an NGL plant For example, see United States Patent Nos. 4,140,504; 
4,251,249; 4,278,457; 4,657,571; 4,690,702; 4,687,499; 4,851,020; and 5,568,737. At 

30 best, these processes are capable of recovering 95%+ of ethane and heavier hydrocarbons. 
However, they typically involve a significant capital expenditure during construction of 
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the NGL plant as well as increased operational costs during its lifetime. 

It will be recognized that all NGL components have higher condensing 
tCTiperatures than methane so that all will be liquefied in the course of operating a LNG 
process. A substantial cost savings may be realized, if the NGL recovery could be 
5 effectively integrated within the liquefaction process instead of building a sq)arate 
facility. 

Recovery of NGL in the LNG facility has also been suggested in the literature. 
For example, it has beoi suggested that lighter NGL components could be recovered in 
conjunction with the removal of C5+ hydrocarbons by using a scrub column in a propiane 

10 pre-cooled, mixed refiigerant process. See United States Patent Nos. 4,445,917 and 

5,325,673. A cryogenic stripping column in a cascaded process was suggested in United 
States Patent No. 5,737,940 for recovery of heavy hydrocarbons jfrom a natural gas feed 
stream. In a further modification. United States Patent Nos, 5,950,453 and 5,016,665 
disclose a method wherein a demethanizer is incorporated in the process for liquefying 

15 natural gas for recovering heavier hydrocarbon liquids. 

The NGL recovery column in these systems is often required to operate at a 
relatively high pressure, typically above 550 psig, in order to maintain an eflBcient and 
economical utilization of mechanical refiigeration employed in the LNG process. While 
benefitting &om lower refiigeration energy by maintaining a high liquefaction pressure, 

20 the separation efficiency within the recovery colmnn may be significantly reduced due to 
less favorable sq>arating conditions, i.e., lower relative volatility inside the coliram, fii 
addition, prior art processes fail to eflFectively provide reflux to the recovery colimm. As 
a result, none of these processes are capable of efiEiciently maintaining a high NGL 
recovery, i.e., the NGL recovery does not typically exceed 80% with these processes. 

25 As can be seen fix>m the foregoing description, those skilled in the art have long 

sought methods and ^yparatus for improving the efficiency and economy of processes for 
sq>arating and recovmng ethane and heavier natural gas liquids in an NGL plant. While 
prior art methods have been capable of recovering more than 95% of the ethane and 
heavier hydrocarbons in a stand-alone NGL recovoy plant, those processes fail to 

30 maintain the same recovery when integrated with a LNG facility. Accordingly, there has 
been a long felt but unfiilfilled need for more efficient, more economical methods of 
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integrating these processes while improving, or at least maintaining, their economics. 

SUMMARY OF THE INVENTION 
The present invention provides an integrated process for recovery of the 
components of a feed gas containing methane and heavier hydrocaifoons while 
S maximizing NGL recpveiy and minimizing capital expenditures and operating costs 
incurred with the LNG facility. The present invention is also intended to improve 
separation efficiency within an NGL recovery column while maintaining colunm pressure 
as higih as practically possible to achieve an effici^t and economical utiUzation of 
mechanical refrigeration in the liquefaction process. This is achieved by the introduction 

10 of an enhanced reflux specifically suitable for the piupose of the recovery column. 

Historically, the price of Uquid ethane has been cyclical, rising and falling in 
response to the demand for use as petrochemical feed stock. When the price of liquid 
ethane is high, gas processors can generate additional revenues by increasing the recovery 
of ethane. On the other hand, when the ethane market is depressed, it may be desirable to 

15 effectively reject ethane, allowing it to remain in the LNG, but still maintain high 

recovery of propane and heavier components. Due to the cyclical nature of the liquid 
ethane market, designing a facility which can selectively and efficiently recover or reject 
ethane will allow producers to quickly respond to changing market conditions, a 
phenomenon that seems to occur ever more frequently in today's market. Accordingly, 

20 the present invention is designed to permit flexible transition between operation for 
ethane recovery or ethane rejection. 

A number of liquefaction processes developed in the prior art have been described 
above. These processes may differ significantly depending on the mechanical refrigeration 
cycle used. The methods of the present invention may be integrated with any of those 

25 processes. The methods of the present invention are applicable independent of the type of 
mechanical refiigeration used in the Uquefaction process. However, cartain of the 
methods may be more easily integrated into certain liquefaction processes 

The present invention, in the broadest sense, provides an integrated process and 
apparatus for cryogenically recovering ethane, propane and heavier components during 

30 natural gas liquefaction processes via a distillation column, in which the reflux derived 
from various sources in the Uquefiiction process is essentially free of the components to 
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be recovered. The provision of an rahanced reflux stream, which is lean on the NGL 
components, to the distillation colmnn permits a high recovery of NGL components even 
when the colmnn is operated at a relatively high pressure. The process involves 
introducing a cooled gas or condensate (i.e., two phase) feed stream into a first distillation 
5 column, e.g., an NGL recovery column, at one or more feed trays. The gas or condensate 
feed stream is separated into a first liquid stream primarily comprising NGL components 
to be recovered and a methane-rich overhead stream essentially free of NGL components. 
The methane-rich overhead stream is fiirther cooled to total liquefaction and is preferably 
sub-cooled. This liquefied, and preferably sub-cooled, metiiane-rich stream under 

10 pressure is subsequently flashed to near atmospheric pressure in one or more steps with 
the LNG stream collected in the final flash step being delivered to the LNG tank for 
storage. The flashed vapor stream or streams are heated and compressed to a higher 
pressure for delivery as a fuel gas stream. Excess flashed vapor, if any, is recycled to the 
liquefaction process in which it is ultimately liquefied as pressurized LNG stream or a 

15 reflux stream for the NGL recovery colunm. The first Uquid stream (i.e., the Uquid stream 
produced by the NGL recovery column) is introduced into a second distillation column, 
e.g., an NGL purifying colimm, at one or more feed trays, hi the second colmnn, the first 
liquid stream is separated into an NGL product stream produced from the bottom and a 
first vapor portion stream primarily comprising all of the remaining lighter components 

20 &om the overhead. 

In one embodiment of the present invention, the first vapor portion stream and 
optionally, a portion of the excess flashed vapor stream are combined. The combined 
stream is compressed and cooled to substantial condensation and thereafter introduced to 
the top of the NGL recovery colunm as a reflux stream. This reflux stream will contain 

25 an extremely low concentration of the heavy con^onents to be recovered in the NGL 
product stream. This stream enhances the recovery efficiency within the column and 
reduces the loss of NGL conoponents in the methane-rich overhead stream to a minimum. 
A high NGL recovery is therefore achieved even wifli a relatively high operating pressure, 
i.e., a pressure of about 600 psig, for the NGL recovery column. 

30 The economic advantages of the present invention can be further improved by 

thermally linking a side reboiler for the first distillation column with the overhead 
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condenser for the second distillation column. More specifically, the first vapor portion 
stream is cooled in countercurrent heat exchange with a Uquid stream withdrawn firom a 
tray located below the feed trays of the first distillation colimm. The cooled first vapor 
portion stream is separated into a liquid fraction for introduction into the second 
S distillation colunm as a top reflux stream and a lighter, vapor fraction with fiirtibier 

reduced NGL components which is liquefied alone or upon combination with a portion of 
the excess flashed stream and introduced into the first distillation column as a top reflux. 
Thus the NGL recovery efficiency in the second colunm is enhanced. Heat is transferred 
firom the NGL purification column to the NGL recovery column by the above-cited liquid 

10 stream which is withdrawn and returned to the NGL recovery column where it provides a 
stripping action in the bottom portion of the column, thereby reducing volatile 
components, e.g., methane, in the first liquid stream from the bottom. 

The recovery efficiency can be improved in another embodiment of the present 
invention by the introduction of a second reflux stream to the upper, rectification section 

15 of the first distillation column. The second reflux stream enters the distillation column 
preferably in the middle of the rectification section, as a middle reflux stream which 
provides a bulk rectification effect and reduces the NGL components to be recovered in 
the up-flow vapor stream. Residual NGL components in the upward vapor stream are 
efficiently recovered via tiie first reflux stream (i.e., top reflux stream). A slipstream &om 

20 the feed gas stream can be taken and cooled to substantial condensation or even 

sub-cooled to form the second reflux stream. In some cases, the feed gas stream contains 
much heavier components, e.g., hexane and aromatics, which tend to freeze at cryogenic 
temperatures. The feed gas stream can be first cooled to partial condensation where most 
. of these components will be condensed in the liquid phase and separated out in a 

25 separator. Such resulting liquid stream can be fed to the lower section of the NGL 

recovery column or combined with a stream being routed to the lower section of the NGL 
recovery column. A slipstream can then be taken from the non-condensed vapor portion 
and fiirther cooled to substantial condensation to form the second reflux stream. 
Optionally, this reflux stream can be fed to the top of the NGL recovery column either as 

30 a separate stream or in combination with the previously described top reflux or first reflux 
stream. In another embodiment, the second reflux stream as described herein can 
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function as the sole reflux stream to the cohimn and can be fed to the top of the NGL 
recovery colxunn. 

Another feature providing a significant economic advantage in the present 
invention is the cooling of a portion of the feed gas stream by countercurrent heat 
5 exchan^ with a refiigerant stream comprising a portion of the first liquid stream (i.e. 
liquid withdrawn from the lower portion of the first distillation column). As a result, the 
refiigerant stream is partially vs^orized and may be separated into a second Uquid stream 
for introduction into the second distillation colimm and a second vapor stream for 
introduction into the first distillation column as a stripping gas stream for compression 

10 and cooling. The introduction ofstrippingg9ssti:eam supplements the heat requirements 
in the first distillation column for stripping volatile components from the in-situ Uquid 
stream. It also enhances the relative volatility of the key components and, accordingly, 
the separation eflficiency in the column, particularly when the column is operated at a 
relatively high pressure as in the NGL recovery column of the present invention. 

15 In yet another embodiment of the present invention, the top reflux stream to the 

first distillation column is generated by recycling a small portion of the pressurized LNG 
stream prior to flashing. This reflux stream has an extremely low content of the NGL 
componmts to be recovered and, accordingly, enhances separation efficiency. This reflux 
scheme can be advantageous for the liquefaction process where the LNG can be deeply 

20 sub-cooled using very cold mechanical refiigeration to reduce the vapor produced in the 
flashing steps to a minimmn. Typical exan^les of this embodiment include liquefaction 
processes using mixed refiigerant with or without propane pre-cooling and cascaded 
refiigeration in a closed circuit. 

In anotho: embodiment of this invention which provides for highly efficient 

25 rraaoval of the C5 and heavier con^>onents from the gas stream to be Uquefied, the reflux 
stream to the NGL recovery column is provided in accordance with any of the 
methodologies set forth herein but the stripping gas stream employed in the NGL 
recovery colimm is provided via a portion of the feed gas stream rather than the 
vaporization of a portion of the liquid existing in or removed from the NGL recovery 

30 column either by one or more intranal or extraial reboilers. The portion of the feed gas 
stream can be fed either directly into the column or first cooled via indirect heat exchange 
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with the first liquid stream which is produced from the bottom of said column. In the 
later mode, additional cooling via the first Uquid stream is possible by first flashing the 
first liquid stream to a pressure slightly above the operating pressure of the NGL 
purification column. 

S The methods and apparatus of the present invention efficiently integrate NGL 

recovery into the natural gas liquefaction process and permit high recoveries of propane 
and heavier components, e.g., recoveries exceeding 95% of those components originally 
present in the feed gas. Certain of the embodiments when properly optimized permit the 
recovery of at least 99% of the propane and heavier hydrocarbons originally found in the 

1 0 feed gas. The higji recovery of heavier hydrocarbons achieved with the methods of the 
present invention may be advantageously used to clean gas feeds contaminated by cyclo- 
h^ane, benzene and other heavy hydrocarbons which have been determined to create 
potential freezing problems and, accordingly, must be thoroughly removed. This high 
NGL recovery is achieved while eliminating the NGL plant, as typically employed in the 

15 prior art, in the front-end of the LNG facility. Thus, significant savings of capital, as well 
as operating costs, are achieved. In addition, the flexible design of the present invention 
permits an easy transition between operations designed to either recover or reject ethane 
in order to accommodate rapidly changing values of liqxiid ethane. The integration 
methods proposed in the present invention can also be easily adapted for use with any 

20 liquefaction process regardless the refiigeration system used. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The application and advantages of the present invention will become more 
^parent by referring to the following detailed description in coimection with the 
accon:^)anying drawings, wherein: 

25 Fig. 1 illustrates a schematic representation of an enhanced NGL recovery process 

utilizing refrigeration and reflux from a LNG plant wherein a top reflux stream to the 
NGL recovery column is ©tnployed; 

Fig. 2 illustrates a schematic representation of a LNG plant employing a typical 
open cycle cascaded refii g^ation process with enhanced NGL recovery; 

30 Fig. 3 illustrates a schematic representation of a LNG plant employing a typical 

propane pre-cooled, mixed refiigeration process with enhanced NGL recovery. 
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Fig. 4 illustrates a schematic representation of a LNG plant employing a typical 
single, mixed refrigeration process with enhanced NGL recovery; 

Fig. 5 illustrates an alternative embodiment of an enhanced NGL recovery process 
utilizing refrigeration and reflux from a LNG plant and a second reflux stream to the NGL 
5 recovery column; 

Fig. 6 illustrates an alternative embodiment of an enhanced NGL recovery process 
utilizing refrigeration and reflux from a LNG plant wherein flie reflux to the NGL 
recovery column is a portion of the liquefied natural gas recycled under pressxire; 

Fig. 7 illustrates an alternative raibodiment of an enhanced NGL recovery process 
10 utilizing refrigeration and reflux from a LNG plant wherein the feed gas is anployed as a 
stripping gas in the NGL recovery column; 

Fig. 8 illustrates an alternative embodiment of an CThanced NGL recovery process 
utilizing refrigeration and reflux from a LNG plant wherein the generation of a stripping 
gas from column liquid in the NGL recovery column is enhanced; and 
15 Fig. 9 illustrates anoth^ alternative embodiment of an enhanced NGL recovery 

process utilizing refrigeration and reflux from a LNG wherein a simplified NGL purifying 
system is employed. 

While the invention will be described in connection with the presently preferred 
embodiments, it will be understood that this is not intended to limit the invention to those 
20 embodiments. To the contrary, it is intended to cover all alternatives, modifications and 
equivalmts as may be included in the spirit of flie invention as defined in tiie sqppended 
claims. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention permits the separation and recovery of substantially all of 
25 the NGL components, i.e., ethane, propane and heavier hydrocarbons, from a compressed 
natural gas in a LNG process. The present invention achieves these high recoveries while 
eliminating the need for a separate NGL plant in the front-end of the LNG facilities by 
introducing to the distillation colunm an enhanced reflux having an extremely low content 
of the NGL components to be recovered. The introduction of lean reflux permits the 
30 column to be operated at higher pressures while still maintaining high recovery of NGL 
and, accordingly, the refiigeration systrai can be utilized more efficiently in the 
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liquefaction process. As a result of this more efficient integration, the coital 
requirements, as well as operating costs, for recovering substantially all of the NGL 
components present in the feed gas in a LNG process may be greatly reduced. 

The foregoing merely provides an exemplary description of the use of the present 
5 invention in a conventional s>^tem for liquefying inlet gas and should not be considered 
as limiting the methods of the present invention. While various values of temperature, 
pressure and composition are recited in association with the specific exanq)les described, 
those conditions are approximate and merely illustrative, and are not meant to limit the 
invention. For purposes of this invention, when the term lean reflux is used with respect 

10 to a distillation coluntm, it refers to the components to be recovered in the bottom liquid 
- stream. For example, a lean reflux for recovery of propane and heavy hydrocarbons 
means that the reflux stream has a low content of the cited components. Furthermore, 
with respect to the terms vpper and lower as used with respect to a distillation colunm, 
these terms are to be vmderstood as relative to one another, i.e., that withdrawal of a 

15 stream from an upper region of a column is at a higher position than a stream withdrawn 
from a lower region thereof. In an exemplary, but non-limiting embodiment, upper may 
refer to the upper half of a colunm, whereas lower may refer to the lower half of a 
colunm. In another embodiment, where the term middle is used, it is to be imderstood 
that a middle region is intennediate to an upper region and a lower region. However, 

20 where upper, middle, and lower are used to refer to a cryogenic distillation column, it 
should not be understood that the column is strictly divided into thirds by these terms. 

Embodiment Depicted in Figure 1 
Fig. 1 illustrates a sch^atic configumtion of one exemplary embodiment of the 
invention where at least about 95%, preferably above 98%, of the propane, propylene and 

25 heavier hydrocarbons, i.e., the C3+ hydrocarbons, from a feed gas which will be ultimately 
liquefied as LNG product may be recovered. Referring to Fig. 1, a dry feed gas at a flow 
rate of about 480 MMSCFD is introduced into the illustrated process through inlet stream 
10 at a pressure of about 1015 psia and a temperature typically close to ambient, for 
example about lOO'^F inthis illustration. 

30 As a point of clarity, reference to a given stream number intqilies that a physical 

conduit exists wherein said stream can flow fix>m one location to another, such conduit 
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including but not limited to pipe, tubing, heat exchangers and otiier containing vessels 
through which a fluid may flow. Dry feed gas stream 10 has been pre-treated as necessary 
to remove undesirable components, including acid gases, mercaptans, mercury and 
moisture, from the natural gas delivered to the facility. Stream 10 is spUt into two 
5 streams 12 and 14. The smaller portion, stream 14, is directed through gasAiquid 

exchanger 18 in NGL recovery block 100 where it is in countercurrent heat exchange with 
liquid withdrawn from the bottom of NGL recovery column 50 and liquid from sq)arator 
22. This inlet gas provides heat for NGL recovery colunon 50, while chilling the inlet gas 
to a tenq)erature of about -61*T. The larger portion of inlet gas, stream 12, flows to 
1 0 exchanger block 300 where it is cooled to about -40^F by utilizing refrigeration in the 
Uque^tion process. The cooling steps in the refrigeration system used in the 
liquefaction process may differ significantly, depending on the process used, and are 
collectively illustrated as simplified exchanger block 300, which will be described in 
more detail later. 

15 Cooled feed gas stream 16 from exchanger block 300 is combined with flie cooled 

feed gas stream 14a from gas/Uquid exchanger 18. The combined stream 20 at about 
--42*'F and 990 psia is directed and separated into Uquid stream 24 comprising any 
condensed heavier hydrocarbons and into cooled vapor stream 30 comprising lighter and 
more volatile components in separator 22. Liquid stream 24 is expanded through 

20 expansion device 26 and preheated in gas/liquid exchanger 1 8 prior to introduction into a 
distillation colunon, e.g., NGL recovery colunm 50, as stream 28 for fiorther fractionation! 
Depending upon feed gas conq)osition and overall refrigeration, the preheating of 
e^anded liquid stream 24 in exchanger 18 can be bypassed in some cases. Cooled vapor 
stream 30 flows to expander 34 where it is expanded to a pressm-e slightly above the 

25 operating pressure of NGL recovery column 50. Alternatively, the vapor in stream 30 
may by-pass e>q>ander 34 through control valve 34a. Stream 32 fix>m the expander 
discharge possesses a temp^ture and pressure of at about -84'^F and about 610 psia and 
is fed to NGL recovery colunm 50 rigiht below the upper rectifying section. It should be 
noted that, in cases where the feed gas pressure is close to tiie operating pressure of NGL 

30 recovery column 50, cooled stream 16 leaving exchanger block 300 can be directly fed to 
NGL recovery column. As indicated by dashed line 38 expansion device 26 is not 
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required. Similarly, cooled feed gas stream 14a can be delivered directly to NGL 
recovery colunm 50 either alone or after being combined with the cooled gas in line 38. 
Alternatively, cooled feed gas stream 14a can be fed to separator 22 and the resulting gas 
stream fed to the NGL recovery colunm or combined with cooled stream 1 6 and fed to the 
5 NGL recovery columiL 

The NGL recovery colunm opiated at about 600 psia is a conventional distillation 
colunm containing a plurality of mass contacting devices, trays or packings, or some 
combinations of the above. It is typically equipped witii one or more liquid draw trays in 
the lower section of the column to pemiit heat inputs to the column for stripping volatile 

10 components off fiom the bottom liquid product . Liquid collected in draw tray 50a is 

withdrawn via stream 46a and heated by countercurrent heat exchanger in side reboiler 48 
prior to re-introduction to the NGL recovery column. Similarly, liquid cond^tised in the 
lower draw tray 50b is withdrawn via stream 46b, partially v^orized in gas/liquid 
exchanger 18, and re-introduced to the NGL recovery coliram. 

15 Bottom liquid stream 44 also referred to h^ein as the first liquid stream, 

containing substantially all of the heavia: hydrocarbons is withdrawn from NGL recovery 
coltimn 50 and directly introduced into the middle portion of a second distillation column, 
i.e., NGL purifying column 70. Stream 44 is separated in NGL purifying colunm 70 
operated at a pressure of about 440 psia into an NGL product stream 64 comprising 

20 mainly propane, propylene and heavier hydrocarbons, i.e., the C3+ hydrocarbons, and a 
vapor comprising mainly ethane and lighter hydrocarbons. The ptirity of the NGL 
product stream is controlled by external heat input via bottom reboiler 62. The NGL 
product stream exits column 70 at about 235*^F and is cooled to about 120'*F via 
exchanger 66 for delivery as product stream 68. 

25 Vapor stream 52 is witiidrawn from the top of NGL purifying column 70 through 

an overhead line. Vapor phase stream 52 is cooled to partial condensation in side reboiler 
48 prior to return to reflux drum 54 at a temperature of about -9^F. The heat carried by 
vapor stream 52 is effectively transferred to the NGL recovery column as external heat 
input. This is accomplished by a unique thennal integration between the overhead 

30. condenser and the side reboiler for NGL purifying column 70. The partially condensed 
stream is separated in reflux drum 54 into v£^or and liquid phases. The liquid 
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acciimulated in reflux drum 54 is withdrawn via line 58 where it is pumped via reflux 
pump 60 for re-introduction to the NGL purifying column as top reflux. 

Vapor stream 72 withdrawn from reflux drum 54 comprises mainly methane and 
ethane which were present in feed stream 44. The concentration of propane and higher 
5 components in vspor stream 72 is very low. Vapor stream 72 is directed into exchanger 
block 300 for recovering available refrigeration. In cases where the available refrigeration 
is limited or not needed, stream 72 can bypass exchanger block 300 and simplify the 
exchanger block design. A combined stream formed by warmed stream 72a and 
optionally, excess flashed vapor stream 102, If any, is compressed to a higher pressure at 

10 about 635 psia in compressor 96 prior to being cooled in after-cooler 98. The cooled, 
combined vapor stream 104 returns to exchanger block 300 where it is furth^ cooled to 
substantial condensation using refrigeration employed in the liquefaction process thereby 
producing stream 42. The substantially condensed stream 42 is introduced to NGL 
recovery column 50 as top reflux. Stream 42, characterized by a very low content of C3+ 

15 hydrocarbons, reduces the equilibrium loss of C3+ hydrocarbons in the overhead vapor to a 
minimum. The introduction of a lean reflux stream in the preset invention permits the 
column to be operated at a relatively high pressure, e.g., about 600 psia in this example, 
while maintaining high recovery of C3+ hydrocarbon Uquids. 

Lighter and more volatile gases primarily rich in methane are withdrawn from the 

20 top of NGL recovery column 50 via overhead stream 40. This stream may be compressed 
in compressor 36 which preferably utilizes work extracted from expander 34 before 
delivery to exchanger block 300. Alternately, the overhead stream 40 can be directly sent 
to exchanger block 300 without fiuther compression as shown with dashed line 40a in 
cases where the expander 34 is not available or the work extracted from the e3q}ander is 

25 used for other services. In the illustrative example, the overhead stream 40 is directly 

introduced to exchanger block 300. It should be noted that lean reflux stream 42 may also 
be vapor stream 72 from NGL purifying column 70 or a portion of flashed vapor stream 
80 alone, or any combination of these two streams. 

The methane-rich overhead stream from NGL recovery column 50 at about 

30 -1 12^F and about 600 psia is totally liquefied and in most cases substantially sub-cooled 
in exchanger block 300 utilizing appropriate refrigeration from refiig^ation block 200. 
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Sub-cooled LNG at an elevated pressure is delivered via stream 74 from exchanger block 
300 to expansion block 400 where it is expanded to near atmospheric pressure through 
one or more expansion steps. Expansion block 400 illustrates a typical arrangement with 
one expansion step. Sub-cooled LNG is expanded through e?q)aiision means 76 to about 
5 25 psia causing partial vq)orization in discharge line 78. A hydraulic turbine optionally 
can be employed as an expansion means to reduce flashing as a result of pressure 
reduction. Any flashed vapor in expanded LNG stream 78 is separated from the liquid 
portion in sq)arator 82. The liquid portion withdrawn from separator 82 comprises LNG 
product stream 84 for deUvery to storage. Although illustrated as a single expansion step, 

1 0 the expansion provided in expansion block 400 can also be carried out in multiple stages. 
For instance, a liquefaction process utilizing cascaded refiigeration, eith^ closed or open 
cycle, typically involves 3 or 4 expansion stages. Althougih not shown in Fig. 1, it should 
also be noted that additional flashed vapor will be generated when the final LNG product 
84 is delivered to the LNG tank for storage due mainly to further pressure let-down and 

15 heat gain in the cryogenic storage tank at the ambient pressure. This flashed vapor stream 
is typically compressed and combined with the flashed vapor stream 80 via the use of a 
boil-oflf gas compressor. 

Flashed vq>or stream 80 from separator 82, primarily comprising methane, 
nitrogen and other Ughter components, enters exchanger block 300 for recovery of 

20 available cold refrigeration. The warined, flashed v^or stream 86 leaves exchanger block 
300 at about 66^F and is compressed to a pressure of about 425 psia via methane 
compressor 88. The compressed vapor stream is then cooled to about lOOT? through 
after-cooler 90 prior to being used as fiiel gas via stream 92. It should be noted that, 
depending upon the pressures of the expansion steps and the final fuel gas supply 

25 pressure, more than one compression and cooling step may be required. Any portion of 
excess flashed vapor stream 102 may be combined with the warm vapor stream 72a for 
recycle to the top of NGL recovery column 50 as reflux after being further compressed 
and cooled to substantial condensation. 

Open Cycle Cascaded Refrigeration Process Employing Figure 1 Embodiment 

30 As mentioned previously, mechanical refrigeration cycles mostly in closed circuit 

are often employed and dictate the detailed cooling and Uquefaction steps in the LNG 
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process. Fig. 2 illustrates in a non-limiting manner an open cycle cascaded refrigeration 
process in conjunction with the embodiment of the preset invention illustrated in Fig. 1 . 
In this illustration, three refrigerant loops or cycles are employed (e.g. propane, ethylene 
and methane). Each refrigeration cycle employs an effective number of refrigeration 
5 stages, such effective niunber being nominally two and preferably 2 to 4. In the 

embodiment dq)icted in Figure 2, the preferred nimiber of stages in the first, second and 
Hmd cycles, that being 3, 2 and 3, respectively are employed. The preferred refrigerant 
for the first refii geration cycle is propane. The preferred refiigerant for the second 
refiigeration cycle is ethylene or ethane, most prefarably ethylene. The preferred 

1 0 refrigerant for the third refiig^tion cycle is preferably methane, but may contain small 
concentrations of nitrogen and other Ugiht hydrocarbons. 

Referring to Fig. 2, the configuration and operation of the first refiig^ation cycle, 
having the highest boiling point among the three, such as propane, is described. Propane 
refiigerant stream 202a withdrawn from tiie propane surge drum 220 at about 100**F and 

15 ^proximately 190 psia is directed to a pressure reduction device, e.g., expansion valve 
204a, and expanded to a lower pressure, thereby flashing a portion of the propane 
refiigerant stream and lowering its temperature. The resulting two-phase stream is 
directed into the high-stage propane chiller 310a as a coolant in indirect heat exchange 
with the following: 

20 a) feed gas, such as stream 12, 

b) the second refiigerant stream 240, such as ethylene, and the 

c) Combined vapor stream 104. 

via conduits 302a, 208a, and 206a respectively in chiller 310a. 

The flashed propane v£^r stream 210a fix)m the chiller 3 1 Oa is fed to the 

25 high-stage inlet port of the propane compressor 212 through the higih-stage suction line. 
Liquid propane stream 202b from chiller 310a is directed to a pressure reduction valve 
204b to fiirther reduce its pressure, thereby flashing an additional portion of propane 
refiigerant stream and fiiriher lowering its temperature. The resulting two-phase stream is 
directed into the inter-stage propane chilli 310b as a coolant in indirect heat exchange 

30 with the cooled feed gas spUt from conduit 302a and the second refiigerant v^or stream 
from conduit 206a via conduits 302b and 206b, respectively. 
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The flashed propane vapor stream 210b from the chiller 3 10b is fed to the 
inter-stage inlet port of propane compressor 212 through the inter-stage suction line. 
Liquid propane stream 202c from chiller 3 10b is fiirther directed to a pressure reduction 
valve 204c to reduce its pressure, thereby flashing another portion of propane refrigerant 
5 stream and lowering its temperature still furttier. The resultant two-phase stream is 
directed into low-stage propane chiller 3 10c as a coolant in indirect heat exchange with 
the cooled feed gas split from conduit 302b and the second refrigerant stream from 
conduit 206b via conduits 302c and 206c, respectively. 

The flashed propane vapor stream 210c from chiller 310c is fed through the 

10 low-stage suction line to the low-stage inlet port of the propane compressor 212. Propane 
vapor is compressed in a three-stage propane compressor 212 typically driven by a gas 
turbine. Although they may be separate units tandem driven by a single driver, the three 
stages preferably form a single unit. Compressed propane vapor stream 214 flows 
through condenser 216 where it is liquefied at about 100*^F and about 190 psia in the 

15 illustrated system, prior to being returned via line 218 to propane surge drum 220. 

Exemplary temperatures for the three propane refrigeration levels, respectively, in the 
illustrated example are about 62''F, about 12°F, and about -25°F. 

Similar to the first refrigeration, the second refrigeration, cycle, that being 
illustrated as the ethylene refrigeration cycle in Fig. 2 is a closed two-stage system. In 

20 addition, an economizer 246 is incorporated in the ethylene refrigeration. As illustrated in 
Fig. 2, the ethylene refrigerant stream 240a exits the low-stage propane chiller 310c, in 
most cases, totally condensed and is directed to ethylene surge drum 244 at about — 21**F 
and approximately 300 psia. Ethylene refiig^ant stream 222a withdrawn from ethylene 
surge drum 244 is directed to the ethylene economizer 246 where it is sub-cooled prior to 

25 a pressure reduction device such as an expansion valve 224a. The sub-cooled ethylene is 
expanded to a lower pressure across expansion valve 224a, th^by flashing a portion of 
ethylene refiigerant stream and lowering its temperature. The amount of ethylene flashed 
in this pressure reduction step is reduced as a result of sub-cooling prior to expansion via 
the use of ethylene economizer 246. The resulting two-phase stream is directed into the 

30 high-stage ethylene chiller 330a as a coolant in indirect heat exchange with the main feed 
gas spUt stream 12a from the low-stage propane chiller 3 10c and cooled vapoT stream 
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104c from the methane economizer 360, via conduit 324a and 326a respectively. 
Depending on the effective temperature required for stream 16, a portion of cooled feed 
gas stream 12a might bypass the ethylene refrigeration loop as stream 12b. 

The flashed ethylene vapor stream 230a from the chiller 330a is fed to the 
5 ethylene economizer 246 to provide refrigeration for sub-cooling ethjdene refrigerant as 
previously described thereby producing a warmed high stage ethylene gas stream 232a 
which is fed through high-stage suction line to the higjh-stage inlet port of ethylene 
compressor 234. Liquid ethylene stream 222b from tiie chiller 330a is directed to the 
ethylene economizer 246. It is then directed to a pressure reduction valve 224b to ftirther 

10 reduce its pressure and lowering its temperature ftirther. The residting two-phase stream 
from expansion device 224b is introduced flie low-stage ethylene chiller 330b as a coolant 
in indirect heat exchange with methane-rich overhead vapor stream 40a from NGL 
recovery colunm 50 as depicted in Fig. 1 and cooled vapor stream from conduit 326b via 
conduits 324c and 326c respectively. In most cases, both streams leave the low-stage 

15 ethylene chiller 330b totally liquefied as liquid streams 40b and 42 respectively. 

The flashed ethylene v^or stream 230b from low-stage chiller 330b returns to the 
ethylene economizer to provide refrigeration for ethylene sub-cooling thereby producing a 
warmed low stage ethylene gas stream 232b which is fed to the low-stage inlet port of 
ethylene compressor 234 through low-stage suction line. Ethylene vapor is compressed in 

20 . the illustrative two-stage compressor 234 typically driven by a gas turbine. Before bdng 
re-introduced into the next stage con5)ression, the compressed efliylene v^or stream is 
cooled to partially reject the heat of compression to the atmosphere via after-cooler 238b. 
The compressed ethylene stream 236 produced by compressor 234 is cooled in after- 
cooler 238a. After the preceding steps of compression and cooling, the refrigerant vapor 

25 stream 240 returns to the propane chillers for ftirther cooling and condensation as 

previously described, thereby completing tiie ethylene cycle. Exemplary tenq)eratures for 
two etiiylene refrigeration levels, respectively, in the illustrated example are about -70'='F, 
and about -126^R 

The combined vapor stream 104 leaves the high-stage propane chiller 310a via 
30 conduit 208a as stream 104a and is directed to the methane economize* 360 for fiirtho: 
cooling. Preferably, a portion of stream 104a is withdrawn from the middle of the 
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methane economizer 360 at about -35^F via stream 104c. Stream 104c is subsequently 
condensed 42 via ethylene chillers 330a and 330b and used as the top lean reflux stream. 
The remaining portion leaves the econonoizer 360 at a colder temperature of about — 1 lO^F 
via stream 104b. Stream 104b is preferably combined with stream 40a from the NGL 
5 recovery column 50 and then condensed in the chiller 330b as liquefied LNG stream 40b, 
thereby simplifying the chiller design, altiiough it can be condensed in a separate conduit 
of chiller 330b and thereafter combined with liquefied stream 40a to form stream 40b, 
The liquefied LNG stream 40b from the low-stage ethylene chiller 330b at an 
elevated pressure is furttier cooled in tiie methane economizer 360. The sub-cooled LNG 

10 stream 74 exits the methane economizer 360 and is directed to the expansion block 400 as 
shown in Fig. 2. Inside the expansion block 400, LNG stream 74 imdergoes a series of 
pressure reduction stages, preferably corresponding in number to the number of open 
methane cycle refiigeration stages, to near atmospheric pressure. A non-limiting three- 
stage expansion as illustrated in Fig. 2. LNG stream 74 is first directed to an expansion 

15 valve 76a and expanded to a lower pressure, resulting in flashing a portion of the 

pressurized LNG stream and lowering its temperature. The resultant two-phase stream is 
fed to the high stage flash drum 82a wherein any flashed vapor is removed from the top as 
high stage flashed vapor stream 80a. As previously noted, liquid expanders (i.e. 
hydraulic turbines) may be employed in place of any of the expansion valves. 

20 Flashed vapor stream 80a from flash drum 82a is fed to the methane economizer 

360 to provide refiigeration and is then compressed by the expander compressor 36 
utilizing the work extracted from expander 34 when available. Compressed high stage 
flash v^or stream 86a is thereafter introduced tiuough high-stage suction line to the high- 
stage inlet port of methane compressor 88. LNG stream 74b is removed from flash drum 

25 82a and is directed to sub-cooler 41 0. It is then expanded through a pressure reduction 
valve 76b to further reduce its pressure and lower its temperature. The resulting two-, 
phase stream fiiom expansion device 76b is introduced into the inter-stage flash drum 82b 
wherein any flashed vapor is removed from the top as inter-stage flashed vapor stream 
80b. 

30 Likewise, the inter-stage flashed vapor stream 80b from flash drum 82b is fed to 

sub-cooler 410 and then methane economizer 360 to recover available cold refrigeration. 
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Afler recovering available refrigeration, the flashed vapor stream is warmed to near 
ambient temperature thereby producing a warmed inter-stage flashed vapor stream 86b 
which is sent through the inter-stage suction line to the inter-stage inlet port of methane 
compressor 88. LNG stream 74c is removed from flash drum 82b and preferably 
5 undergoes the third pressure expansion tiirougb expansion valve 76c directly thereby 
lowering its temperature frirther, although it can be re-introduced to sub-cooler 410 prior 
to such e}q>ansion for further cooling. The resulting two-phase stream from e3q)ansion 
valve 76c is introduced to flie low-stage flash drum 82c wherein any flashed vapor is 
removed from the top as the low-stage flashed vapor stream 80c. Final LNG product 

10 stream 84 is removed from the bottom of flash drum 82c and delivered to storage. 

The low-stage flashed vapor stream 80c from flash drum 82c is fed to sub-cooler 
410 and subsequently to the methane economizer 360 to recover its'available cold 
refrigeration thereby producing a warmed low stage flashed vapor stream 86c which is 
subsequOTtly introduced through inter-stage suction line to the low-stage inlet port of 

1 5 methane compressor 88. The warmed flashed v^or streams are compressed via a two or 
three-stage compressor 88 depending on the requirement of fuel gas supply pressure. 
After-coolers such as 90a, 90b, or 90c are often provided after each compression stage to 
partially reject the heat of compression to the atmosphere. After the final stage of 
compression and cooling, a portion of the flashed vapor stream is used as plant ftiel gas 

20 92. Stream 102 comprised of any excess flashed v^or is fiarther compressed and cooled 
via compressor 96 and after-cooler 98 respectively. The cooled vapor stream 104 returns 
to exchange block 300 where it is fiirther cooled to substantial condensation using 
propane and ethylene refrigeration as described earlier. It should be noted that, in most 
open-cycle cascaded refrigeration applications, compressor 96 is typically considered as 

25 the final compression stage, and is part of compressor 88 which preferably consists of 
three stages. 

Depending on its pressure level, the vapor stream 72 withdrawn from the reflux 
drum 54 shown in Fig. 1 can be combined eitiier with excess flashed vapor stream 102 or 
with high stage flash vapor stream 86a as shown via flie dashed line. Alternately, vapor 
30 stream 72, although not shown in Fig. 2, may be introduced to the methane economizer 
360 by combining with stream 80a for recovering its cold refrigeration in cases where it 
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temperature is relatively cold. Such steam may also provide refrigeration via a separate 
conduit methane economizer 360. 

Table 1 siunmarizes the results of a numerical simulation of the embodiment of 
the invention illustrated above for a target recovery of C3+ hydrocarbons exceeding 98%. 
5 As indicated in Table 1, recovery of 99.2% of propane and 100% of all C4 + hydrocarbons 
can be achieved via this embodiment. 



Table 1 



Stream 


Tetnp 
F 


Press, 
psia 




Componraits Flow (ibmol/hr) 




methane 


ethane 


propane 


butanes 


C5+ 


total 


10 


100 


1015 


47325 


2319 


1423 


1054 


579 


52700 


32 


-83 


610 


43567 


1704 


709 


313 


62 


46355 


40 


-112 


600 


63844 


1695 


11 


0 


0 


65550 


68 


120 


440 


0 


28 


1411 


1054 


579 


3072 


72 


-9 


440 


1257 


1218 


2 


0 


0 


2477 


84 


-246 


24.7 


42630 


2286 


12 


0 


0 


44928 


92 


100 


415 


4695 


5 


0 


0 


0 


4700 






Liquid product recovery: • 














% Propane recovery 


99.2 












% Butanes recovery 


100.0 












% C5+ recovery 




100.0 









While the integration of NGL recovery into an LNG facility in accord with the 
present invention has been effectively demonstrated for high C3+ recovery, the 
aforementioned methods can also be easily modified by adjusting the operating 

25 parameters either for enhanced ethane recovery or for the recovery of C5+ components 
alone in cases where recovery of lighter NGL components is not desirable. To achieve 
high ethane recovery, the tetnperature profile inside NGL recovery block 100 typically 
needs to be reduced, the reflux stream needs to be leaner and the reflux flow should be 
increased. Table 2 summarizes the numerical simulation results of the operation of the 

30 system illustrated in Fig. 1 in conjimction with the open cycle cascaded refrigeration 

process of Fig. 2 under ethane recovery conditions using the same feed gas composition 
and conditions as used in Table 1. As illustrated, ethane recovery above 83% is achieved 
using the process of the present invention illustrated in Fig. 1 , but optimized for enhanced 
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Table 2 
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Stream 


Tevap 


Press. 


Componeats Flow (ibmol/hr) 










F 


psia 


methane 


ethane 


propane 


butanes 


C5+ 


total 


10 


100 


1015 


47325 


2319 


1423 


1054 


579 


52700 


32 


-110 


600 


28981 


950 


395 


201 


58 


30585 


40 


-112 


590 


66523 


. 350 


1 


0 


0 


66874 


68 


120 


440 


39 


1927 


1422 


1054 


579 


5021 


72 


-104 


440 


1686 


119 


0 


0 


0 


1805 


84 
92 


-247 
100 


24.7 
415 


42587 
4695 


391 
5 


1 
0 


0 
0 


0 
0 


42979 
4700 




Liquid product recovery: 
% Ethane recovery 
% Propane recovery 
% Butanes recovery 
% C5+ recovery . 




83.1 
99.9 
100.0 
100.0 







Propane Pre-Cooled Mixed Refrigerant Process Emplovinp Fig. 1 Embodiment 
20 As described earlier, there are mun^ous processes available in the art for 

liquefying natural gas which differ mainly in the refrigeration cycle used. Integration of 
the present invention with any LNG process, independent of the type of refrigeration cycle 
or cycles used, for higji recovery of NGL is yet another objective of the present invention. 
In addition to the open cycle cascaded refrigeration process represented in Fig. 2, 
25 other refrigeration cycles for liquefying natural gas known to the art can also be integrated 
with the present invention. Alternative arrangements of exchanger block 300 and 
refrigeration block 200 utilizing other refrigeration cycles commonly employed in the 
LNG process are discussed below and in the following sections. The systems described 
h^ein merely provide exemplary illustrations of the use of the presmt invention with 
30 other refrigeration processes for liquefying inlet gas and should not be considered as 
limiting the methods of flie present invention to the specific refrigeration processes 
described. 

Another exanq)le representing a typical arrangement of exchanger block 300 and 
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refrigeration block 200 utilizing the propane pre-cooled mixed refrigeration cycle in 
conjunction with the embodiment of the presmt invention of Fig. 1 is described below 
with a schematic shown in Fig. 3. Recovery of C3+ hydrocarbons in excess of 95% from a 
dry gas feed of about 400 MMSCFD is desired. Again, the dry feed gas has been pre- 
5 treated as necessary to remove imdesirable components, and contains about 90 mol% 
methane, 4.9 mol% ethane, 2.3 mol% propane, 2.0 mol% butanes, 0.7 mol% C5 and 
heavier components, and the remaining non-hydrocarbon components. The application 
and operation of the present invention shown in Fig. 1 in this example is essentially the 
same as the previous example and is briefly described here. The differences mainly reside 

10 on tiie exchanger blocks 200, 300, and 400 and concern the integration of the propane 
pre-cooled mixed refrigeration process. In addition, methane-rich vapor stream 40 from 
the top of NGL recovery column 50 will be compressed in compressor 36 utilizing work 
extracted from expander 34 before being directed to exchanger block 300. 

Referring to Fig. 1, the dry feed gas enters the facility through inlet stream 10 and 

15 is first cooled to about — 43^F via two paths similar to the previous example prior to 
entering separator 22 for separation of condensed liquid, if any, as stream 24. Liquid 
stream 24 is expanded through expansion device 26 and preheated in gas/liquid exchanger 
18 prior to introduction into NGL recovery column 50 for further fractionation. Cooled 
vapor stream 30 is expanded at about 610 psia via expander 34 and then fed as a cooled 

20 gas or condensate (i.e., two phase) stream 32 to NGL recovery column 50 right below the 
upper rectifying section. 

The NGL recovery colunm, a conventional distillation column containing a 
plurality of mass transfer devices, is operated at about 600 psia. Within the NGL 
recovery colimm, stream 32 is fractionated into a bottom liquid stream 44 containing 

25 substantially all of the heavier hydrocarbons and an overhead stream 40 comprising 
lighter and more volatile gases primarily rich in methane. Liquid stream 44 is further 
introduced into the middle portion of the NGL purifying column 70 where ^hane and 
lighter components are stripping off the bottom NGL product 64. The NGL product 
stream exits column 70 at about 230°F and is cooled to about 120®F via exdianger 66 for 

30 deliv^ to product stream 68. The vapor stream 72 from the NGL purifying system 
comprises xnainly methane and ethane, with essentially free of propane and hig^her 
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components utilizing a theimal integration of side reboiler 48 as previously described. 

After recovering available rejfrigeration in exchanger block 300, the warm vapor 
stream 72a is combined with a portion of excess flashed vapor stream 102, if any and 
compressed via compressor 96 to a pressure sufficient to return the compressed stream 
5 when liquefied to the top of NGL recovery column 50 as the top reflux. Following 

compression, the stream is cooled in after-cooler 98. The resiilting cooled vq>or stream 
104 returns to exchanger block 300 where it is further cooled to substantial condensation 
and produced as stream 42. The substantially condfflsed stream 42, characterized by a 
very low content of hydrocarbons, is introduced to the NGL recovery column 50 as 

1 0 top reflux to achieve high recovery of C3+ hydrocarbons. 

The overhead stream 40 from the top of NGL recovery column 50 at about — lOl^F 
and about 600 psia is first compressed in compressor 36 utilizing work extracted from 
expands 34 prior to entering the exchanger block 300. It is totally liquefied and in most 
cases deeply sub-cooled in exchanger block 300 utilizing appropriate refiigeration from 

15 refiigeration block 200. Sub-cooled LNG at an elevated pressure is delivered via stream 
74 from exchanger block 300 to expansion block 400 where it is expanded to near 
atmospheric pressure through typically one expansion step to about 20 psia causing partial 
vaporization and production of a two phase LNG-bearing stream 78. A hydrauUc turbine 
optionally can be employed as an expansion means to reduce flashing as a result of 

20 pressure reduction. Any flashed vapor in expanded LNG stream 78 is separated from the 
liquid portion in separator 82. The LNG product stream 84 withdrawn from the separator 
82 is then delivered to storage tank. 

Flashed vapor stream 80 from separator 82, primarily comprising methane, 
nitrogen and other lighter components, enters exchange block 300 for the recovery of 

25 available cold refiigeration. Warmed, flashed vapor stream 86 leaves exchanger block 
300 at about 65^F and is compressed in one or more stages to a fiiel gas at a pressure of 
about 420 psia via fiiel gas compressor 88. The conq>ressed vapor stream is then cooled 
to about lOO^F through after-cooler 90 prior to being used as fiiel gas stream 92. Any 
portion of excess flashed vapor stream 102 may be combined with the warm vapor stream 

30 72a for recycle to the top of NGL recovery column 50 as reflux stream 42. 

Fig. 3 illustrates in more detail a typical arrangement of exchanger block 300 and 
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refrigeration block 200 utilizing the propane pre-cooled mixed refrigeration cycle in 
conjunction with the embodiment of the present invention illustrated in Fig. 1 . Referring 
to Fig. 3, an illustrative three-stage propane refrigeration cycle in closed circuit is 
configured essentially the same as that in Fig. 2 and operates in a similar manner 
5 accordragly. The three-stage propane refrigeration cycle provides high level cooling for 
a) feed gas, such as stream 12 from Fig. 1, and b) the mixed refrigerant vapor stream 502 
from refrigerant compressor after-cooler 524b. Exemplary temperatures for the three 
propane refrigeration levels, respectively, in the illustrated example are about 60°F, about 
lO'^F, and about -30^R 

10 Partially condensed, mixed refrigerant leaving conduit 206c via stream 502a is 

introduced into sq)arator 504. The condeosed portion is removed from the bottom of 
separator 504 as stream 506 at about —26 ^F and about 640 psia. Condensed refrigerant 
stream 506 is frirther cooled in exchanger 320 via conduit 506a to about — 188^F. 
Sub-cooled refrigerant stream 514 is directed to a pressure reduction means, e.g., 

15 expansion valve 5 16, to lower the pressure thereby producing expanded refrigerant stream 
518 which retums to exchanger 320 as a coolant. 

Non-condensed vapor refrigerant stream 508 from separator 504 is divided into 
two portions, those portions being streams 510 and 512. Main portion stream 510 flows 
through exchanger 320 where it is liquefied and, optionally, sub-cooled to about -235°F 

20 via conduit 5 1 Oa. Remaining vapor portion stream 512 passes through exchanger 340 
where it is Uquefied and sub-cooled thereby producing stream 524 via indirect heat 
exchange with flashed v^or stream 80 from expansion block 400 in Fig. 1 . Other 
streams entering exchanger 340 include combined vapor stream 104 from after-cooler 98 
and overhead vapor stream 72 from reflux drum 54 as depicted in Fig. 1 . Inside 

25 exchanger 340, streams 72 and 80 are wanned before exiting exchanger 340 at about 65°F 
as streams 72a and 86, respectively. On the oth^ hand, stream 104 is cooled and ^ts 
exchanger 340 as stream 104a at about — 26'^F. 

Sub-cooled refrigerant stream 524 exiting from exchanger 340 at about — 245**F is 
combined with the other siib-cooled refrigerant stream from conduit 510a and thereafter 

30 directed to a pressure reduction means, e.g., expansion valve 526, to a lower pressure 
before being retumed as stream 528 to exchanger 320 as a coolant. After providing the 
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coldest portion of refrigeration, expanded refrigerant stream 528 is combined witti the 
other expanded refrigerant stream 518 in exchanger 320 where it flows through said 
exchanger via conduit 528a. The combined refrigerant stream provides the refrigeration 
necessary for cooUng the following streams in exchanger 320: 
5 • feed gas stream 12a from low-stage propane chiller 3 10c; 

• methane-rich vapor stream 40a from NGL recovery colmnn 50 in Fig. 1 ; and 

• cooled vapor stream 104a from exchanger 340, 

via conduits 322a, 322b, and 322c, respectively, thereby producing respective streams 16, 
74 and 42. 

1 0 Alfliough not illustrated in Fig. 3, a hydraulic turbine may be used as a pressure 

reduction means for the sub-cooled refrig^mt in place of expansion valves 516 or 526 
illustrated therein. During the e7q)ansion process, work can also be extracted by a 
hydraulic turbine, thereby lowering the refiig^ant temperature frirther and enhancing 
lique&ction efficiency and overall plant througjhput. 

15 After providing refrigeration, the combined niixed refrigerant exits exchanger 320 

as warmed and vaporized stream 520 at about — 30^F and about 50 psia. Warmed 
refrigerant stream 520 is then compressed and cooled. An exemplary compression and 
cooling configuration is illustrated in Fig. 3 with two stages. Stream 520 is first 
compressed to about 250 psia via low stage refrigerant compressor 522a and then cooled 

20 to about 100°F via low stage refrigerant after-cooler 524a. The cooled and compressed 
stream is further compressed and cooled to form stream 502 at about 655 psia and about 
100°F via higih stage refrigerant conopressor 522b and after-cooler 524b, thus completing 
the closed circuit. 

Table 3 summarizes the results of a numerical simulation of the embodiment of 
25 the invention illustrated above for a target recovery of C3+ hydrocarbons exceeding 98%. 
As indicated in Table 3, recovery of 98.4% of propane and 100% of all C4+ hydrocarbons 
can be achieved via this embodiment utilizing another refrigeration process, namely flie 
propane pre-cooled mixed refiig^ant process. 
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Single. Mixed Refrigerant Process Employing Figs. 1 and 5 Embc viiments 
In addition to the open cycle cascaded refrigeration process represmted in Fig. 2 
and the propane pre-cooled mixed refrigerant process repres^ited in Fig, 3, other 
mechanical refrigeration cycles for liquefying natural gas known to the art can also be 
5 integrated with the present invention. One such process being the single, mixed 

refrigerant process. The single, mixed refrigerant process includes heavier hydrocarbons, 
e.g., butanes and pentanes, in the multi-component, mixed, refrigeration stream and in so 
doing, eliminates the need for a propane pre-cooled refrigeration cycle. Fig. 4 illustrates 
the embodiment of the present invmtion as depicted in Fig. 1 fiirther including the single, 

10 mixed refrigerate process via exchanger block 300 and refrigeration block 200. 

Referring to Fig. 4, mixed refrigerant stream 502 exits the final compression and 
cooling stage from high stage after-cooler 524b partially condensed as it contains some 
heavier components in the mixture. The partially condensed refrigerant stream 502 is 
introduced into separator 504 from which the condensed portion is removed fix>m the 

15 bottom of the separator as stream 506. The non-condensed vapor refrigerant stream 508 
from separator 504 is divided into two portions corresponding to streams 510 and 512, 
respectively. The condoised refrigerant stream 506 is pumped via high stage refrigerant 
pump 538 as stream 536 for combination with the main vapor portion stream 5 10. The 
combined stream flows through exchanger 320 where it is liquefied and in most cases 

20 sub-cooled in conduit 5 1 Oa. The reoiaining vapor portion stream 5 12 passes throu^ 

exchanger 340 where it is also liquefied and sub-cooled in indirect heat exchange with the 
flashed vapor stream 80 from expansion block 400 and the overhead vapor stream 72 
from reflux drum 54 as illustrated in Fig. 1 thereby producing a liquefied and subcopled 
stream 524. Streams 72 and 80 are warmed inside exchanger 340 before exiting as 

25 streams 72a and 86, respectively. Sub-cooled refiigerant stream 524 from exchanger 340 
is combined with the other sub-cooled refiigerant stream exiting from conduit 5 10a in 
exchanger 320. The combined stream is then directed to a pressure reduction means, e.g., 
expansion valve 526, and expanded to a lower pressure for return to exchanger 320 as 
coolant stream 528. The combined refiigerant stream provides via conduit 528a the 

30 refiigeration necessary for cooling the following: 
• feed gas stream 12; 
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• mefhane-rich vapor stream 40a from NGL recovery column 50 in Fig. 1 ; and 

• combined vapor stream 104 from after-cooler 98 as deleted in Fig. 1. 

via conduits 322a, 322b, and 322c, respectively, thereby producing respective streams 16, 
74 and 42. 

5 Although not illustrated in Fig. 4, a hydraulic turbine may be used as a pressm-e 

reduction means for the sub-cooled refiiga:ant stream in place of expansion valve 526. 
During the expansion process, work may also be extracted by a hydraulic turbine, thereby 
lowering the refrigerant temperature fiarther. Consequently, liquefaction ejBBciency and 
overall plant throughput are further enhanced. Altematively, instead of being combined, 

10 liquid refrigerant stream 536 and v^or refrigerant stream 510 can enter exchanger 320 in 
separate paths and be expanded at different pressure levels. 

After providing refrigeration^ the mixed refrigerant stream exiting exchanger 320 
has been wanned and vaporized to form stream 520. Warmed refrigerant stream 520 is 
then compressed and cooled again. Fig. 4 illustrates an exemplary two-stage system for 

15 performing this compression and cooling. Stream 520 is first compressed via low stage 
refrigerant compressor 522a and then cooled via low stage refrigerant after-cooler 524a 
th^eby producing cooled refrigerant stream 526 which is directed to the high stage 
suction scrubber 528 for removal of any condensed refrigerant. The non-condensed 
refrigerant withdrawn from scrubber 528 is subsequently compressed to final pressure via 

20 high stage refrigerant compressor 522b thereby producing a compressed refrigerant 
stream 532. The condensed refrigerant separated in scrubber 528 is pumped via 
refrigerant pump 530 and the resulting stream 534 combined with compressed refrigerant 
stream 532. The combine stream then flows through after-cooler 524b, thereby producing 
stream 502, thus completing the closed circuit. 

25 Recovery efficiency is further improved in another embodiment of the present 

invention wherein a second reflux is introduced to the NGL recovery colimm. Fig, 5 
represents a schematic embodiment illustrating this improvement to further enhance 
recovery efficiency. The system illustrated in Fig. 5 is essentially identical to that in Fig. 
1 and operates in a similar maimer with the exception of the differences detailed below. 

30 The same reference numerals have been used to represent the same system components in 
each figure. 
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With reference to Fig. 5, a small slipstream 106, about 12.5% in the illustrative 
example, from the pre-cooled feed gas stream 12a in exchanger block 300 is taken for 
further cooling to substantial condensation by utili2dng ^propriate refrigeration. In some 
cases, slipstream 106 may be sub-cooled depending upon the refrigeration level available 

5 for the liquefaction process. Sub-cooled stream 108 exits exchanger block 300 at about 
-170®F and about 975 psia. Stream 108 is thereafter introduced into the middle of the 
lectification section of NGL recovery column 50 as a middle reflux after pressure 
reduction to the column pressure via expansion valve 110. 

The introduction of a middle reflux provides a bulk rectification effect while 

1 0 substantially retaining the NGL components for recovery in the downward liquid flow, 
thereby minimizing the recoverable NGL components in the up-flow vapor stream. Any 
residual NGL components in the upward vapor can all be substantially recovered by the 
leaner top reflux. As a result, tiie same NGL recovery can be achieved with a 
significantly reduced top reflux flow. LNG stream 74 from exchanger block 300 can be 

15 fiirther sub-cooled to reduce flashed vapor stream 80 from «pansion block 400 to the 
minimum required for the fiiel gas requirements. Consequently, excess flashed v^qpor 
stream 102 can be eliminated, leading to a substantial reduction in the conopression 
horsepower required for fiiel gas compressor 88. Thus, overall recovery eflBciency can be 
significantly enhanced. 

20 The feed gas is pre-cooled to a temperature where most of the components having 

high freezing points are condensed and separated in the liquid phase in sq)arator 22. The 
vapor stream withdrawn from s^arator 22 comprises very few of these high freezing 
point components, thus eliminating the concerns of fireezing. In some cases, the feed gas 
contains much heavier components, e.g., hexane, Cg+ alkanes and aromatics, which tend 

25 to freeze when cooled to cryogenic tempemtures, in particular temperatures below 

-120**?. For those cases, slipstream 30a taken from the vapor portion withdrawn from the 
top of sq>arator 22 as illustrated with a dashed line in Fig. 5 can be used as stream 106 or 
as an altmiative stream 12 can be cooled to such extent that two phases exist, the 
resulting stream separated via a separator into gas and liquid streams and the gas stream 

30 employed as stream 106 and the liquid stream optionally fed directly or in combination 
with another stream to the distillation coliram 50. In the cascade process, such additional 
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cooling is readily available in one of the refiigeration stages in the second re£rigeration 
cycle. 

The results of a numerical simulation based on the embodiment illustrated in Fig. 
5 and the same inlet gas and conditions employed in the example based on Fig. 1 and 
5 shown in Table 3 are presented in Table 4. Table 4 summarizes the overall performance 
of a LNG process incorporating a second reflux stream as described with reference to Fig. 
5. As indicated in Table 4, propane recovery is improved to 99.1%. 
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Although not illustrated in the preceding Example, the second reflux may be fed 
to the top of the NGL recovery column alone or in combination with the other top reflux 
stream 42. While this will simplify the design of the upper rectification section, the 
recovery efficiency may be reduced sKghtly. 
5 Figure 6 B mhodi ment Employing Pressurized LNG as Reflux. 

In yet another embodiment of the present invention, illustrated in Fig. 6, high 
recovery of NGL components can also be achieved by recycling a portion of the 
sub-cooled LNG at elevated pressure as the top reflux to NGL recovery column 50. The 
LNG stream, again containing a very low content of NGL components, serves as an 

1 0 enhanced lean reflux to achieve high recovery efficiency in this embodiment The system 
illustrated in Fig. 6 is essentially the same as that illustrated in Fig. 1 and operates in a 
similar maimer. The difference resides in the source of the top reflux to the NGL 
recovery column 50. 

Referring to Fig. 6, stream 40 withdrawn fiiom the overhead of NGL recovoy 

1 5 column 50 is totally liquefied and, in most cases, sub-cooled in exchanger block 300 via 
conduit 1 12. Appropriate refiigeration fix>m refiigeration block 200 is used for this 
liquefaction and sub-cooling. Prior to introduction into exchanger block 300, 
methane-rich overhead stream 40 may be raised in pressure via expander/compressor 36 
utilizing work extracted fi"om expander 34 when available as previously described. At 

20 least a portion of the sub-cooled LNG stream is re-introduced to the top of NGL recovery 
colimin 50 as reflux via line 42. In some cases where the expander/compressor 36 is not 
present, a cryogenic pimap 116 may be used to return this reflux to the top of the recovery 
colimm as illustrated via the dashed line. 

The main portion of the sub-cooled LNG stream is fiuther cooled before exiting 

25 the exchanger block 300 as stream 74 at a much colder temperature about -242 °F. 

Accordingly, the flow rate of flashed vapor stream 80 fit)m expansion blodc 400 is greatly 
reduced before being directed to the fuel gas system after recovering refiigeration and 
compression. Additional heat input is provided to the lower stripping section of recovery 
column 50 to fiirther strip lighter components ofiTbottom liquid stream 44. This also 

30 leads to a reduction in overhead vapor stream 72 fi^om reflux drum 54 associated with 

NGL purifying colunm 70. This overhead vapor stream 72 is also directed to the fiiel gas 
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systCTi. Further, a second reflux such as that disclosed in Fig. 5 may be incorporated to 
furtiier improve recovery e£3Bciency as illustrated previously. 

When recovery of lighter NGL componCTts is not desirable, the aforematitioned 
method can also be ejSFectively applied for the recovery of C5+ components alone as those 
5 heavy components tend to freeze out and need to be removed prior to final liquefaction. 
To achieve this, the temperature profile inside the NGL recovery block 100 will typically 
be warmer and the reflux stream shoxild be reduced. In addition, the NGL recovery block 
100 can be further simplified by eliminating the side and bottom reboilers, and others 
depicted in Fig. 7 as an alternate embodimmt of the present invention. 

10 Figure 7 Embodiment Emploving Feed Gas as Stripping Gas 

The effectiveness of introducing the enhanced reflux for the removal of C5 and 
heavier components from a LNG-bearing gas stream can be demonstrated by the 
following example. This example is based on the invCTitive scheme of Fig. 7 in 
conjimction with the open cycle cascaded refrigeration process of Fig. 2. The simulation 

15 employed a dry feed gas at 650 psia and 100°F and the composition set forth in Table 1. 

With reference to Fig. 7, dry feed gas stream 10 is first divided into stream 12 and 
14. The main stream 12 is cooled in the exchanger block 300 to about -70°F utilizing the 
propane and ethylene refrigeration of the cascaded process shown in Fig. 2 as the coolant. 
The cooled feed gas stream 16 from the exchanger block 300 is introduced to the NGL 

20 recovery column 50 ri^t below the upper rectifying section. The separator 22, expander 
34 and compressor 36 are not required in this example because the feed gas pressure is 
close to the operating pressure of the NGL recovery column 50. 

The NGL recovery colunm 50 contains two sections, trays or packings, preferably 
packings in both sections. To simplify its design, the typical one or more liquid draw 

25 trays for facilitating heat inputs to the lower section of the colimm are eliminated. The 
smaller portion, stream 14, instead of being cooled such as via exchanger 18 in Fig. 1, is 
directly sent to the bottom of the NGL recovery colunm 50 as a stripping gas to reduce the 
content of lighter NGL components in the bottom liquid stream to the maximum extmt. 
Although not illustrated in Fig. 7, stream 14 can be cooled prior to introduction into the 

30 bottom of the colunm via indirect heat exchange with at least a portion of the first liquid 
stream (i.e. the bottom liquid stream) which is produced fit>m the bottom of said column. 
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In the later mode, additional cooling via the jQrst liquid stream is possible by first flashing 
the first liquid stream to a pressure slightly above the operating pressure of the NGL 
purification column. 

The bottom liquid stream 44 containing substantially all of the CS and heavier 
5 hydrocaibons is withdrawn fi-om NGL recovery column 50. It is expanded to about 235 
psia and used as a cooling media for reflux exchanger 48a prior to being introduced into 
the middle portion of NGL purifying column 70 operated at about 220 psia. Within 
colimm 70, all C4 and lighter components are removed fi-om the top reflux system as a 
vapor stream 72, and a stabilized condensate with a Reid vapor pressure (RVP) of less 

10 than 12 psia is produced fi-om the bottom. The RVP of stabilized condensate is controlled 
by external heat input via bottom reboiler 62. The operation of column 70 is adjusted 
such that the concentration of C5 and higher components in the vapor stream 72 is 
maintained very low. The NGL product stream exits column 70 at about 325°F and is 
cooled to about 120*T via exchanger 66 for delivery to product stream 68. 

15 The vapor phase stream 72 withdrawn from reflux drum 54 at about 1 13**F will 

bypass the exchanger block 300 and directly combined with the warm flashed vapor 
stream 86a from flash drum 82a via the dashed line shown in Fig. 2. The combined 
stream is compressed to a high^ pressure at about 645 psia and cooled in after-cooler 98. 
In a typical arrangement demonstrated in Fig. 2, it is subsequently cooled via propane 

20 chiller 310 and methane economizer 360 with a sUpstream withdrawn from the middle of 
the economizer 360 as stream 104c and the balance of said stream fiirther cooled in the 
main methane economizer and produced as stream 104b. Stream 104c is fiirther cooled to 
substantial condensation via ethylene chillers 330a and 330b. The substantially 
condensed stream 42 is introduced to the NGL recovery column 50 as top reflux. Reflux 

25 stream 42, very lean in C5+ hydrocarbons, effectively reduces the equiUbrium loss of C5+ 
hydrocaibons in the overhead vapor stream to a minimum. 

The LNG-bearing gases primarily rich in methane are withdrawn &om the top of 
NGL recovery coluian 50 via overhead stream 40a This stream is directly sent to the 
exdianger block 300 where it is combined with stream 104b for liquefaction at an 

30 elevated pressure via fiie ethylene chiller 330b and thereafter undergoes a typical three- 
stage expansion as detailed in Fig. 2 to produce near ambient LNG for storage. 
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Table 5 summarizes the residts of a numerical simulation for the above-cited 
embodiment for the removal of C5 and heavier. As indicated, the vapor stream 40a from 
the column 50 contains less than 0.1 ppmv of aromatics, including benzene, cyclo- 
hexane, and toluene and none for C7 and heavier components. This is compared to about 

5 3.6 ppmv of benzene represented by the vapor portion of stream 32 feeding to the colimm 
50, when no rectification of the present invention is employed in the top section of the 
NGL recovery column 50. In the case of the present invention, any ^trained liquid will 
have a composition rqpresented by reflux stream 42. Ih this example such stream will 
contain less than 0.3 ppmv of benzene, thereby significantly reducing the freezing concan 

10 incurred by the phenomena of liquid entrainment 
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For a further demonstration generated via numerical simulation, a rqpresmtative 
composition profile of designated C6 and heavier components inside the NGL recovery 
column is listed in Table 6. It is shown that the compositions of the designated 
components are greatly reduced as the vopor traveling upwards and in contact with the top 
5 lean reflux for the top three stages where the rectification section is located. 
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Figure 8 Bw ^ndxmmt Employing Enhanced Stripping Gas GeriCTation 
Another aspect of the present invention which offers a significant economic 
advantage is the cooling of the feed gas by countercurrent heat exchange with a 
refrigerant stream comprising a portion of bottom liquid stream 44 or liquid withdrawn 
5 from the lower portion of NGL recovery colunm 50. Illustrated in Fig.8 is an alternative 
arrangement of a cryogenic NGL recovery process incorporating this modification. A 
side hquid stream 120 is withdrawn fix)m the lower portion of NGL recovery column 50. 
This liquid is directed to pressure reduction valve 122 to reduce its pressure and thereby 
flash a portion of the liquid refrigerant. Expanded Uquid refrigerant stream 124 at a lower 

10 temperature flows throu^ gas/liquid exchanger 1 8 to provide additional refrigeration to 
cool inlet gas portion 14. Stream 126 carries the partially vq)orized liquid exiting 
exchanger 18 to suction knockout drum 128 where it is separated into v^or and liquid 
portions. The vapor portion withdrawn from the top of knockout drum 128 throu^ line 
130 is directed to recycle compressor 132 where it is compressed to a pressure sli^tly 

1 5 higher than that of the NGL recovery coliram. The compressed gas from compressor 1 32 
is cooled in cooler 134 prior to re-introduction to NGL recovery column 50 as a stripping 
gas. 

The Uquid portion accumulated at the bottom of knockout drum 128 is withdrawn 
via line 136. This liquid portion, comprising primarily propane and heavier 
20 hydrocarbons, is pumped by recycle pump 138 to NGL purifying colimon 70 for frirther 
fractionation. 

The introduction of stripping gas (sometimes referred to as enrichment gas) 
supplements the heat requirements in NGL recovery colunm 50 for stripping volatile 
components from the bottom liquid stream 44. It also enhances the relative volatiUty of 
25 the key components and, accordingly, improves the separation efficiency of the column, 
particularly when the column is operated at a relatively high pressure as in die NGL 
recovery column illustrated here. 

One should note that tibie feature set forth above for enhanced cooling of the feed 
gas can also be applicable to the embodiment set forth in Figure 7 wherein a portion of 
30 the feed gas is employed as the stripping gas. That portion of the feed gas to be employed 
as a stripping gas is first cooled prior to introduction into the bottom of the column via 
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indirect heat exchange witti two phase stream 126. Wanned two-phase 126 can then be 
fed directly to the NGL purification column 70 as stream 44. 

Figure 9 Embodiment Emplovinp S im plified NGL Purification System 
Yet another embodiment of the present invention is illustrated in Fig. 9. The NGL 
5 purifying system can be simplified by eliminating the overhead reflux system, resulting in 
savings on capital investment. Referring to Fig. 9 where only NGL recovery block 100 is 
illustrated, bottom liquid stream 44 fi*om NGL recovery column 50 is split into two 
portions. One portion 44b is directly introduced into the middle portion of the NGL 
purifying column 70, as illustrated in Figs. 1, 4, 5 and 6, The other portion 44a is directed 

10 to reflux exchanger 48 where it is substantially sub-cooled. The sub-cooled liquid 44c 
from reflux exchanger 48 is introduced to the top of NGL purifying column 70 as reflux 
to reduce the equilibriiun loss of heavy hydrocarbons in vapor stream 72. An exemplary 
source for the cold stream for reflux exchanger 48 is a liquid side-draw fix>m NGL 
recovery column 50 as illustrated in Fig. 9. Consequently, the reflux drum and pumps can 

15 be eliminated. 

Conclusion 

In the foregoing specification, the invention has heen described with reference to 
specific embodiments thereof, and has been demonstrated as effective in providing 
methods for maximizing the recovery of NGL componmts fiom a natural gas stream 

20 within an LNG facility. The examples demonstrated herein were generated via numerical 
simulation of the embodiment of interest at the stated conditions using Hyprotech's 
Process Simulation HYSIM, with Prop. Pkg. PR/LK. *KYSIM ver. 2.2 was used for all 
examples employing cascaded refrigeration thus providing the results presented in Tables 
1, 2, 5 and 6. HYSIM ver. 2.7, was used for the propane precooled mixed refrigerant and 

25 single, mixed refiigerant examples thus providing the results presented in Tables 3 and 
4". However, it will be evident to those skilled in the art that various modifications and 
changes can be made thereto without departing fix)m the true spirit or scope of the 
invention. Accordingly, the specification is to be regarded in an illustrative rather than a 
restrictive smse. There may be other ways of configuring and/or operating the integration 

30 system of the present invention differently or in association with different Uquefriction 
processes fix>m those explicitly described h^ein which never&eless fall within the true 
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spirit and scope of the inventioiL For exdnq)le, it is anticipated that by 3X)uting certain 
streams differently or by adjusting operating parameters, different optimizations and 
efficiencies may be obtained which would nevertheless not cause the system to fall 
outside of the scope of the present invention. Additionally, it must also be noted that, 
5 while the foregoing embodiments have been described in considerable detail for the 
purpose of disclosure, many variations, e.g., the arrangement and number of heat 
exchangers and compression stages, may be made therein. Therefore, the invention in its 
broadest embodiment is not restricted to the preferred embodiments described and 
illustrated herein but rather covers all modifications which may fall within the scope of 
10 the sppraded claims. 
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CLAIMS 

1 . A process for recovering the relatively less volatile components fiom a methane- 
rich gas feed undo- pressure to produce an NGL product while rejecting the relatively 
more volatile components which are subsequently liquefied to produce LNG, comprising 
5 the steps of: 

cooling at least a portion of a gas feed in one or more heat exchangers by means of 
a mechanical refrigeration cycle; 

introducing said gas feed into an NGL recovery column at one or more feed stages 
for separation into a first gas stream primarily comprising relatively more volatile 
1 0 components and a first Uquid stream primarily comprising relatively less volatile 
components; 

mtroducing said first Uquid stieam into an NGL purifying column at one or more 
feed stages to produce an NGL product stream comprising desirable less volatile 
components from the bottom and a second gas stream comprising more volatUe 
15 components from the overhead of said NGL purifying column; 

cooling said second gas stream and thereafter introducing said cooled, second gas 
stream to the top portion of said NGL recovery column as an overhead reflux to enhance 
recovery of desirable less volatile componaits; and 

liquefying said first gas stream to produce a pressurized LNG stream. 
20 2. The process of claiin 1, wherein the step of cooling and introducing said gas feed 
into the NGL recovery column further comprises: 

separating said cooled gas feed into a cooled vapor portion and a cooled Uquid 
portion comprising condensed components, if any; 

dividing said cooled vapor portion into a first vapor portion and a second vapor 

25 portion; 

further cooling said first vapor portion to substantial condensation and thereafter 
introducing said substantially condensed first vapor portion into an upper portion of said 
NGL recovery colmrm as a middle reflux; and 

introducing the remaining portion of said cooled gas feed comprismg said second 
30 vapor portion and said cooled Uquid portion into said NGL recovery column at one or 
more feed stages for separation into a first gas stream primarily comprising relatively 
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more volatile components rich in methane and a first liquid stream primarily conqirising 
relatively less volatile components. 

3. The process of claim 1 or 2, wherein said mechanical refrigeration cycle includes 
a refrigerant selected from the group consisting of single-component refrigerants and 

5 multi-component refrigerants . 

4. The process of claim 1 or 2, wherein a refrigeration stream is withdrawn from said 
NGL recovery colimm to provide at least a portion of the refrigeration in said first cooling 
step. 

5 . The process of claim 4, wherein said refiigeration stream is partially vs^orized as 
10 a result of said cooling and further comprising separating said partially vaporized 

refiigeration stream into a first gas phase which is re-introduced into said NGL recovery 
colunm and a first liquid phase. 

6. The process of claim 1 or 2, wherein said second gas stream is cooled to partial 
condensation with the cond^ised liquid being introduced to a top portion of said NGL 

15 purifying column as an overhead reflux and the r^aining vapor being introduced to a top 
portion of said NGL recovery column as an overhead reflux after further cooling. 

7. The process of claim 6, wherdn said second gas stream is cooled by a 
refrigeration stream withdrawn from said NGL recovery column, 

8. The process of claim 1 or 2, further comprising expanding said pressurized LNG 
20 stream in one or more expanding stages to produce an LNG stream suitable for storage 

and producing said overhead reflux from a portion of the flashed vapor generated in one 
or more of said expanding stages. 

9. The process of claim 1 or 2, further comprising compressing said second gas 
stream prior to cooling. 

25 10. The process of claim 1 or 2, further comprising utilizing at least one mechanical 
refiigeration cycle in the cooling of said second gas stream and in the liquefying of said 
first gas stream. 

11. A process for recovering the relatively less volatile compon^ts from a 
methane-rich gas feed to produce an NGL product while rejecting the relatively more 
30 volatile components which are subsequently liquefied to produce LNG, comprising the 
st^s of: 
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cooling at least a portion of a gas feed in one or more heat exchangers by means of 
a mechanical refrigeration cycle; 

further cooling a portion of said cooled gas feed to substantial condensation and 
thereafter introducing said substantially condensed gas feed into the top of an NGL 
5 recovery colimm as an overhead reflux; 

introducing the remaining portion of said cooled gas feed into said NGL recovery 
column at one or more feed stages for separation into a first gas stream primarily 
comprising relatively more volatile components rich in methane and a first liquid stream 
primarily comprising relatively less volatile components; 
10 introducing said first liquid stream into an NGL purifying column at one or more 

feed stages to produce an NGL product stream comprising desirable less volatile 
components firom the bottom and a second gas stream comprising more volatile 
components firom the overhead of said NGL purifying column; and 

Uquefying said first gas stream to produce a pressurized LNG stream. 
15 12. The process of claim 1 1 , wherein the step of cooling and introducing said gas feed 
into the NGL recovery column further comprises: 

separating said cooled gas feed into a cooled vapor portion and a cooled liquid 
portion comprising condensed components, if any; 

dividing said cooled vapor portion into a first vapor portion and a second vapor 
20 portion; 

further cooling said first v^or portion to substantial condensation and thereafter 
introducing said substantially condensed first vapor portion into an upper portion of said 
NGL recovery colunm as an overhead reflux; and 

introducing the remaining portion of said cooled gas feed comprising said second 
25 vapor portion and said cooled liquid portion into said NGL recovery column at one or 
more feed stages for separation into a first gas stream primarily comprising relatively 
more volatile components rich in methane and a first liquid stream primarily comprising 
relatively less volatile components. 

13. The process of claim 1 1 or 12, wharein a refiigeration stream is withdrawn from 
30 said NGL recovery column to provide at least a portion of the refrigeration in said first 
cooling step. 
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14. The process of claim 13, wherein said refrigeration stream is partially v^orized as 
a result of said cooling arid firrther comprising sq)arating said partially v^rized 
lefrigeration stream into a first gas phase which is re-introduced into said NGL recovery 
column and a first liquid phase. 
5 15. The process of claim 1 1 , wherein said mechanical refrigeration cycle includes a 
refrigerant selected from the group consisting of single-component refrigerants and multi- 
component refrigerants . 

16. A process for recovering the relatively less volatile components from a methane- 
rich gas feed to produce an NGL product while rejecting the relatively more volatile 
10 components which are subsequently liquefied to produce LNG, comprising the steps of: 

cooling at least a portion of a gas feed in one or more heat exchangers by means of 
mechanical refiigeration cycle; 

introducing said cooled gas feed into an NGL recovery column at one or more 
feed stages for separation into a first gas stream primarily comprising relatively more 
1 5 volatile components and a first liquid stream primarily comprising relatively less volatile 
components; 

introducing said first liquid stream into an NGL purifying column at one or more 
feed stages to produce an NGL product comprising desirable less volatile components 
from the bottom and a second gas stream comprising more volatile components from the 
20 overhead of said NGL purifying column; 

liquefying said first gas stream to produce a pressurized LNG stream; and 
introducing at least a portion of said pressurized LNG stream to the top of said 
NGL recovery column as an overhead reflux to enhance recovery of relatively less 
volatile components. 

25 17. The process of claim 16, wherein the step of cooling and introducing said gas feed 
into the NGL recovery column ftirther comprises: 

separating said cooled gas feed into a cooled vapor portion and a cooled liquid 
portion comprising condensed components, if any; 

dividing said cooled vapor portion into a first vapor portion and a second vapor 
30 portion; 

furtfaCT cooling said first vapor portion to substantial condensation and thereafter 
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introducing said substantially condensed first vapor portion into an upper portion of said 
NGL recovery column as a middle reflux; and 

introducing the remaining portion of said cooled gas feed comprising said second 
v^or portion and said cooled liquid portion into said NGL recovery column at one or 
5 more feed stages for separation into a first gas stream primarily comprising relatively 
more volatile components rich in methane and a first liquid stream primarily comprising 
relatively less volatile components. 

18. A process for recovering the relatively less volatile components fi-om a methane- 
rich gas feed mder pressure to produce an NGL product while rejecting the relatively 

10 more volatile componmts which are subsequently liquefied to produce LNG, comprising 
the steps of: 

cooling at least a portion of a gas feed in one or more heat exchangers by means of 
a mechanical refrigeration cycle; 

introducing said cooled gas feed into an NGL recovery column at one or more 
15 feed stages for sq)aration into ai first gas stream primarily comprising relatively more 

volatile components and a first liquid stream primarily comprising relatively less volatile 
components; 

introducing said first stream into an NGL piirifying column at one or more feed 
stages to produce an NGL product comprising desirable less volatile components firom the 

20 bottom and a second gas stream comprising more volatile components firom the overhead 
of said NGL purifying column; 

Hquefying said first gas stream to produce a pressxirized LNG stream; 
expanding said pressurized LNG stream in one or more stages to a lower pressure to 
produce an LNG stream suitable for storage and at least one flashed vapor stream; and 

25 compressing and cooling at least a portion of said flashed vapor stream to substantial 
condensation and thereafter introducing said substantially condensed, flashed vapor 
stream to a top portion of said NGL recovoy column as an overhead reflux to enhance 
recovery of desirable less volatile components. 

19. The process of claim 18, wherein said mechanical refrigeration cycle includes a 
30 refiigerant selected firom the gcoup consisting of single-component refiigerants and multi- 
component refrigerants. 
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20. The process of claim 1 8, wherein a refrigeration stream is withdrawn from said 
NGL recovery column to provide at least a portion of the refrigeration in said first cooling - 
step« 

2 1 . The process of claim 20, wherein said refrigeration stream is partially vaporized as 
5 a result of said cooling and fiarther comprising separating said partially vq>orized 

refrigeration stream into a first gas phase which is re-introduced into said NGL recovery 
column and a first liquid phase. 

22. The process of claim 18, wherein said second gas stream is cooled to partial 
condensation with the condensed liquid being introduced to a top portion of said NGL 

10 purifying colimm as an overhead reflux and the remaining vqjor being introduced to a top 
portion of said NGL recovery colunm as an ovorhead reflux after fiirther cooling. 

23. The process of claim 22, wherein said second gas stream is cooled by a 
refirigeration stream withdrawn from said NGL recovery column. 

24. i^paratus for recovering flie relatively less volatile components from a mettiane- 
15 rich gas feed under pressure to produce an NGL product while rejecting the relatively 

more volatile components which are subsequratly liquefied to produce LNG, conq)rising: 
a first heat exchanger for cooling at least a portion of a gas feed by means of a 

mechanical refiigeration cycle; 

an NGL recovery column for receiving said cooled gas feed at one or more feed 
20 stages for separation into a first gas stream primarily comprising relatively more volatile 

components and a first liquid stream primarily comprising relatively less volatile 

components; 

an NGL purifying column for receiving said first liquid stream at one or more feed 
stages to produce an NGL product stream comprising desirable less volatile components 
25 fix)m the bottom and a second gas stream comprising more volatile components from the 
overhead of said NGL purifying column; 

a second heat exchanger for cooling said second gas stream; 
means for introducing said cooled, second gas stream to the top portion of said NGL 
recovery column as an overhead reflux to enhance recovoy of desirable less volatile 
30 components; and 

means for lique^dng said first gas stream to produce a pressurized LNG stream. 
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25. The apparatus of claim 24, further comprising: 

a first separator for separating said cooled gas feed into a cooled v^or portion and 
a cooled liquid portion comprising condensed components, if any; 

means for dividing said cooled vapor portion into a first vapor portion and a 
5 second vapor portion; 

a third heat exchanger for further cooling said first vapor portion to substantial 
condensation; 

means for introducing said substantially condensed, cooled, first vapor portion 
into said NGL recovery column as a middle reflux; and 
10 means for introducing said second vapor portion and said cooled liquid portion 

into said NGL recovery column at one or more feed stages for separation into a first gas 
stream primarily comprising relatively more volatile components rich in methane and a 
first liquid stream primarily comprising relatively less volatile components. 

26. The ^paratus of claim 24,wherein said mechanical refrigeration cycle mcludes a 
15 refiigerant selected from the group consisting of single-component refrigerants and 

multi-component refrigerants. 

27. The apparatus of claim 24,furttier comprising means for expanding said 
pressurized NGL stream in one or more stages to a lower pressure to produce an NGL 
stream suitable for storage and means for directing at least a portion of the flashed vapof 

20 generated in one or more expanding stages to said NGL recovery column as said overhead 
reflux. 

28. The apparatus of claim 24, further comprising a compressor for compressing said 
second gas stream prior to cooling to substantial condensation. 

29. Apparatus for recovering the relatively less volatile components from a methane- 
25 rich gas feed to produce an NGL product while rejecting the relatively more volatile 

components which are subsequently liquefied to produce LNG, comprising; 

a first heat exchanger for cooling at least a portion of a gas feed by means of a 
mechanical refrigeration cycle; 

means for furttier cooling a portion of said cooled gas feed to substantial 
30 condensation; 

an NGL recovery column; 
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means for introducing said condensed gas feed into the top of said NGL recovery 
column as an oveibead reflux; 

means for introducing the remaining portion of said cooled gas feed into said NGL 
recovery colunm at one or more feed stages for separation into a first gas stream primarily 
5 comprising relatively more volatile components rich in methane and a first liquid stream 
primarily comprising relatively less volatile components; 

an NGL purifying colunm for receiving said first liquid stream at one or more feed 
stages to produce an NGL product stream comprising desirable less volatile components 
firom the bottom and a second gas stream comprising more volatile components firom the 
10 overheadof said NGL purifying column; and 

means for liquefying said first gas stream to produce a pressurized LNG stream. 

30. The apparatus of claim 29, fiirflier comprising: 

a first separator for separating said cooled gas feed into a cooled vapor portion and 

a cooled liquid portion comprising condensed components, if any; 
15 means for dividing said cooled vapor portion into a first vapor portion and a 

second vapor portion; 

means for fiirther cooling said first vapor portion to substantial condensation; 

means for introducing said substantially condensed, cooled, first v^or portion into said 

NGL recovery column as an overhead reflux; and 
20 means for introducing said second vapor portion and said cooled liquid portion 

into sdd NGL recovery colimm at one or more feed stages for separation into a first gas 

stream primarily comprising relatively more volatile components rich in methane and a 

first liquid stream primarily comprising relatively less volatile components. 

3 1 . Apparatus for recovering the relatively less volatile components fiiom a 

25 methane-rich gas feed to produce an NGL product while rejecting the relatively more 
volatile components which are subsequently liquefied to produce LNG, comprising: 

one or more heat exchangers for cooling at least a portion of a gas feed by means 
of mechanical refrigeration cycle; 

an NGL recovery column for receiving said cooled gas feed at one or more feed 
30 stages for separation into a Gxst gas stream primarily comprising relatively more volatile 
components and a first liquid stream primarily comprising relatively less volatile 
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an NGL puiifying column for receiving said first liquid stream at one or more feed 
stages to produce an NGL product comprising desirable less volatile components firom the 
bottom and a second gas stream comprising more volatile components firom the overhead 
5 of said NGL purifying column; 

means for liquefying said first gas stream to produce a pressurized LNG stream; 

and 

means for introducing at least a portion of said pressurized LNG stream to the top 
of said NGL recovery column as an overhead reflux to enhance recovery of relatively less 
10 volatile components. 

32. The apparatus of claim 3 1 , further comprising: 

a first separator for separating said cooled gas feed into a cooled v^or portion and 
a cooled liquid portion comprising condensed components, if anjr, 

means for dividing said cooled vapor portion into a first vapor portion and a 
1 5 second vapor portion; 

means for further cooling said first vapor portion to substantial condensat^oI^ 
means for introducing said substantially condensed, cooled, first vapor portion into said 
NGL recovery column as a middle reflux; and 

means for introducing said second v^or portion and said cooled liquid portion 
20 into said NGL recovery column at one or more feed stages for separation into a first gas 
stream primarily comprising relatively more volatile components rich in methane and a 
first liquid stream primarily comprising relatively less volatile components. 

33. Apparatus for recovering the relatively less volatile components fi*om a methane- 
rich gas feed under pressure to produce an NGL product while rejecting the relatively 

25 more volatile components which are subsequently liquefied to produce LNG, comprising: 
a first heat exchanger for cooling at least a portion of a gas feed by means of a 
mechanical refiigeration cycle; 

an NGL recovery column for receiving said cooled gas feed at one or more feed 
stages for separation into a first gas stream primarily comprising relatively more volatile 
30 components and a first liquid stream primarily comprising relatively less volatile 
components; 
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an NGL purifying column for receiving said first liquid stream at one or more feed 
stages to produce an NGL product stream conq^rising desirable less volatile components 
from the bottom and a second gas stream comprising more volatile components from the 
overhead of said NGL purifying column; 
5 means for liquefying said first gas stream to produce a pressurized LNG stream; 

means for expanding said pressiuized LNG stream in one or more stages to a 
lower pressure to produce an LNG stream suitable for storage and at least one flashed 
vapor stream; 

means for compressing and cooling at least a portion of said flashed vapor stream 
10 to substantial condensation; and 

means for introducing said substantially condensed, flashed vapor stream to a top 
portion of said NGL recovery column as an overhead reflux to enhance recovery of 
desirable less volatile components. 

34. The apparatus of claim 33, wherein said mechanical refrig^tion cycle includes a 
1 5 refiigerant selected from the group consisting of single-component refirigerants and multi- 
component refrigerants. 

35. hi a process for liquefying a pressurized methane-rich gas stream via a cascaded 
refiigeration process employing a closed two- or three-stage propane refri^ation cycle, a 
closed two- or three-stage ethane or ethylene refiigeration cycle and an open methane 

20 refrigeration cycle employing two or more flash stages and wherein said methane-rich gas 
stream contains appreciable concentrations of C2+ hydrocarbons, the improvement 
comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
exchange with one or more propane refiigerant streams from the propane refiigeration 

25 cycle and at least one ethane or ethylene refrigerant stream from the ethane or ethylene 
refiigeration cycle thereby producing a cooled methane-rich stream; 

(b) introducing said cooled methane-rich stream into an NGL recoveiy colunm at 
one or more feed stages for separation into a fiirst gas stream primarily conprismg 
relatively more volatile components and a first liquid stream primarily comprisuig 

30 relatively less volatile components; 

(c) introducing said first liquid stream into an NGL purifying colunm at one or 
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more feed stages to produce an NGL product stream co]iq>rising less volatile coic^n^ts 
from the bottom and a second gas stream comprising more volatile components from the 
overhead of said NGL purifying colimm; 

(d) compressing said second gas stream to a pressure at least as great as that 
5 existing in the NGL recovery column; 

(e) cooling said compressed second gas stream via indirect heat exchange with at 
least one refrigerant stream from the propane refrigeration cycle and at least one 
refrigerant stream from the ethane or ethylene refrigeration cycle thereby condensing said 
stream and thereafter introducing said condaised stream to the top portion of said NGL 

10 recovery column as an overhead reflux to enhance recovery of less volatile components; 
and 

(f) pondensing and subcooling said first gas stream via indirect heat exchange with 
at least one refrigerant stream from the ethane or ethylene refrigeration cycle and via 
indirect heat exchange with one or more flashed vspor streams from the open methane 

1 5 cycle thereby producing a pressxirized and subcooled LNG stream. 

36. A process according to claim 35, wh^ein said cooling of the compressed second 
gas stream frirther comprises cooling said stream via indirect heat exchange with one or 
more flashed vapor streams from the open methane cycle. 

37. A process according to claim 36, wherein a three-stage propane refrigeration cycle 
20 is employed and said methane-rich gas stream is contacted via indirect heat exchange 

means with a propane refrigerant stream from each pressure reduction stage in the 
propane refrigeration cycle, an ethane or ethylene refrigerant stream from at least the first 
pressure reduction stage of the ethane or ethylene cycle and said indirect heat exchange 
with one or more flash vapor streams is after indirect heat exchange with said refiigerant 
25 streams from the propane refiigeration cycle but before indirect heat exchange with an 

ethane or ethylene refiigerant stream from at least the first pressure reduction stage of the 
ethane or ethylene refiigeration cycle. 

38. A process according to claim 37, wherein said at least one refiigerant stream from 
the ethane or ethylene refiigeration cycle is the refiigerant stream from the first pressure 

30 reduction stage in said refiigeration cycle. 

39. A process according to claim 35, wherein cooling step (a) further conq)rises 
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recovering at least one liquid stream from the stream xmdergoing cooling and feeding said 
liquid stream either directly or in combination with another stream to the NGL recovery- 
coliumL 

40. A process of claim 35, wherein the step of cooling and introducing said methane- 
5 rich gas stream into the NGL recovery column further comprises: 

separating in the cooling step of (a) said methane-rich gas stream having 
undergone initial cooling into a cooled vapor portion stream and a cooled liquid portion; 

dividing said cooled vapor portion stream into a jfirst vapor portion stream and a 
second vapor portion stream; 
1 0 further cooling in the cooling step of (a) said first V2q)or portion stream to at least 

substantial condensation and thereafter introducing said substantially cond^sed first 
vapor portion stream into an upper portion of said NGL recovery column as a middle 
reflux; sxid 

introducing the remaining portion of said cooled methane-rich stream comprising 
15 said second vapor portion stream and said cooled liquid portion stream as s^arate or 
combined streams or only said second vapor portion stream into said NGL recovery 
column at one or more feed stages for separation into a first gas stream primarily 
comprising relatively more volatile componaits rich in methane and a first liquid stream 
primarily comprising relatively less volatile components. 
20 41 . In a process for liquefying a pressurized methane-rich gas stream via a cascaded 
refirigeration process employing a closed three-stage propane refiigeration cycle, a closed 
two-stage ethylene refiigeration cycle and an open methane reJfrigeration cycle employing 
three flash stages and three stages of compression and wherein said methane-rich gas 
stream contains £^reciable concentrations of C2+ hydrocarbons, the improvement 
25 comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
exchange with a refiigerant stream finom eadi pressure reduction stage in the propane 
refiigeration cycle and the first pressure reduction stage in the ethylene refiigeration cycle 
thereby producing a cooled methan&-rich stream; 
30 (b) introducing said cooled methane-rich stream into an NGL recovery column at 

one or more feed stages for separation into a first gas stream primarily coir^>rising 
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relatively more volatile components and a first liqxiid stream primarily comprising 
relatively less volatile components; 

(c) introducing said first liquid stream into an NGL purifying coliuxm at one or 
more feed stages to produce an NGL product stream comprising less volatile coii^>onents 

5 fi-om the bottom and a second gas stream comprising more volatile components from the 
overhead of said NGL purifying column; 

(d) compressing said second gas stream to a pressure at least as great as that 
existing in the NGL recovery column; 

(e) cooling said compressed second gas stream via indirect heat exchange with (T) 
1 0 refiigerant firom the first pressure reduction stage in the propane refiigeration cycle, (ii) 

flashed vapor streams firom the first, second and third stages of the open methane cycle 
and (iii) refiigerant firom the first and second pressure reduction stages in the ethylene 
refiigeration cycle thereby condensing the majority of said stream and thereafter 
introducing said condensed stream to the top portion of said NGL recovery column as an 
15 overhead reflux to enhance recovery of less volatile components; and 

(f) condensing and subcooling said first gas stream via indirect heat exchange 
with the refiigerant stream firom the second pressure reduction stage in the ethylene 
refiigeration cycle and flashed vapor streams from the first, second and third stages of the 
open methane cycle thereby producing a pressurized and subcooled LNG stream. 

20 42. In a process for liquefying a pressurized methane-rich gas stream via a cascaded 
refiigeration process employing a qlosed two- or three-stage propane refiigeration cycle, a 
closed two- or three-stage ethane or ethyl^e refiigeration cycle and an open methane 
refiigeration cycle employing two or more flash stages and wh^ein said methane-rich gas 
stream contains appreciable concentrations of C2+ hydrocarbons, the improvement 

25 comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
exchange with one or more propane refiigerant streams from the propane refiigeration 
cycle and at least one ethane or ethylene refiigerant stream from the ethane or ethylene 
refiigeration cycle thereby producing a cooled metiiane-rich stream; 
30 (b) fiuther cooling at least a portion of said cooled methane-rich stream to at least 

substantial condensation via indirect heat exchange with at least one ethane or ethylene 
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refdgerant stream from the ethane or ethylrae refrigeration cycle or at least one flashed 
vapor stream from the open metiume cycle thereby producing a substantially condensed 
stream; 

(c) introducing said substantially condrased gas stream into the top of an NGL 
5 recovery column as an oveAead reflux stream; 

(d) introducing the remaining portion of said cooled methane-rich stream into 
said NGL recovery column at one or more feed stages for separation into a first gas 
stream primarily comprising relatively more volatile components rich in methane and a 
first liquid stream primarily comprising relatively less volatile components; and 

10 (e) condensingandsubcoolingsaidfirstgasstream via indirect heat exchange . 

witti at least one refiigerant stream from the ethane or ethylene refiigeration cycle and one 
or more flashed vapor streams from the open methane cycle thereby producing a 
pressurized and subcooled LNG stream. 

43. A process according to claim 42, additionally con^rising tiie step of: 

15 (f) introducing said first liquid stream into an NGL purifying column at one or 

more feed stages to produce an NGL product streaiii comprising less volatile components 
firom the bottom and a second gas stream comprising more volatile components from the 
overhead of said NGL purifying column. 

44. A process according to claim 42, wherdn the step of cooling and introducing said 
20 methane-rich gas stream into the NGL recovery column further comprises: 

separating in the cooling step of (a) said methane-rich gas stream having 
imdergone initial cooling into a cooled vapor portion stream and a cooled liquid portion 
stream; 

dividing said cooled vapor portion stream into a first vapor portion stream and a 
25 second vapor portion stream; 

further cooling said first vapor portion stream to at least substantial condensation 
as set forth in step (b) and introducing said stream into the upper portion of said NGL 
recovery colunm as an overhead reflux; and 

introducing the remaining portion of said cooled methane-rich stream comprising 
30 said second vapor portion stream and said cooled liquid portion stream as separate or 
combined streams or only said second vapor portion stream into said NGL recovery 
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column at one or more feed stages for separation into a first gas stream primarily 
comprising relatively more volatile compon^ts rich in methane and a first liqxiid streanl 
primarily comprising relatively less volatile components. 

45. A process according to claim 42, wherein said cooling of step (b) further 

5 comprising indirect heat exchange of said portion of cooled methane-rich stream with one 
or more flashed vapor streams fi-om the open methane refiigeration. 

46. A process according to claim 42, wherein cooling step (a) fiirther comprises 
removing at least one liquid stream firom the stream undergoing cooling and feeding said 
liquid stream either directly or in combination with another stream to the NGL recovery 

10 column. 

47. In a process for liquefying a pressurized methane-rich gas stream via a cascaded 
refiigeration process employing a closed three-stage propane refrigeration cycle, a closed 
two-stage ethylene refiigeration cycle and an open methane refiigeration cycle employing 
three flash stages and three stages of compression and wh^ein said methane-rich gas 

1 5 stream contains appreciable concentrations of C24. hydrocarbons, the improvement 
comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
exchange with a refrigerant stream fi-om each pressure reduction stage in the propane 
refiigeration cycle and at least the ethylene refiigerant stream firom the first pressure 

20 reduction stage in the ethylene refiigeration cycle thereby producing a cooled methane- 
rich stream; 

(b) further cooling a portion of said cooled methane-rich stream to at least 
substantial condensation via indirect heat exchange with at least the ethylene refiigerant 
stream firom the second pressure reduction stage in the ethylene refiigeration cycle thereby 

25 substantially condensing said stream and introducing said substantially condensed gas 
stream into the top of an NGL recovery colunm as an overhead reflux stream; 

(c) introducing the remaining portion of said cooled methane^rich stream into said 
NGL recovery column at one or more feed stages for separation into a first gas stream 
primarily comprising relatively more volatile components rich in methane and a first 

30 liquid stream primarily comprising relatively less volatile components; 

(d) introducing said first liquid stream into an NGL purifying column at one or 
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more feed stages to produce an NGL product stream comprising desirable less volatile 
components from the bottom and a second gas stream comprising more volatile 
components from the overhead of said NGL purifying colxunn; and 

(e) condensing and subcooling said first gas stream via indirect heat exchange 
5 with the refrigerant stream from the second pressure reduction stage in the ethylene 

refrigeration cycle and flashed vapor streams from the first, second and third stages of the 
open methane cycle thereby producing a pressurized and subcooled LNG stream. 

48. In a process for liquefying a pressurized methane-rich gas stream via a cascaded 
refrigeration process employing a closed two- or three-stage propane refiigeration cycle, a 

10 closed two- or three-stage ethane or ethylene refiigeration cycle and an open methane 

refrigeration cycle employing two or more flash stages and wherein said methane-rich gas 
stream contains appreciable concentrations of C2+ hydrocarbons, the improvement 
comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
15 exchange with a refrigerant stream from each pressure reduction stage in the propane 

refrigCTation cycle and at least the ethylene refrigerant stream from the first pressure 
reduction stage in the ethylene refrigeration cycle thereby producing a cooled methane- 
rich stream; 

(b) introducing said cooled methane-rich stream into an NGL recovery column at 
20 one or more feed stages for separation into a first gas stream primarily comprising 

relatively more volatile components and a first liquid stream primarily comprising 
relatively less volatile components; 

(c) cooling said first gas stream via indirect heat exchange with at least one 
refrigerant stream from the ethane or ethylene refiigeration cycle to produce a pressurized 

25 LNG stream; and 

(d) introducing at least a portion of said pressurized LNG stream to the top of said 
NGL recovery colunm as an overhead reflux to enhance recovery of relatively less 
volatile components. 

49. A process according to claim 48, additionally conq>rising the step of: 

30 (e) introdiicing said first Uquid stream into an NGL purifying column at one or 

more feed stages to produce an NGL product stream comprising desirable less volatile 
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componmts from tiie bottom and a second gas stream comprising more volatile 
components from the overhead of said NGL purifying column. 

50. A process according to claim 48, further comprising: 

(e) further cooling the pressurized LNG stream of step (c) via indirect heat 
5 exchange with one or more flashed vapor streams from the open methane cycle prior to 
step (d). 

51. A process according to claim 48, wherein the step of cooling and introducing said 
methane-rich gas stream into the NGL recovery column further comprising: 

separating in the cooling step of (a) said methane-rich gas stream having 
10 imdergone initial cooling into a cooled vapor portion stream and a cooled Uquid portion 
stream conq>rising condensed components, if any; 

dividing said cooled vapor portion stream into a first vapor portion stream and a 
second v^or portion stream; 

further cooling said first vapor portion stream to at least substantial condensation 
15 as set forth in step (b) and introducing said stream into the upper portion of said NGL 
recovery column as a middle reflux; and 

introducing the remaining portion of said cooled methane-rich stream comprising 
said second vapor portion stream and said cooled liquid portion stream as separate or 
combined streams or only said second vapor portion stream into said NGL recovery 
20 colunm at one or more feed stages for separation into a first gas stream primarily 

comprising relatively more volatile components rich in methane and a first liquid stream 
primarily comprising relatively less volatile components. 

52. A process according to claim 48, wherein cooling step (a) further comprises 
removiQg at least one liquid stream from the stream undergoing cooling and feeding said 

25 liquid stream either directly or in combination with another stream to the NGL recovery 
column. 

53. In a process for hquefying a pressiirized methane-rich gas stream via a cascaded 
refrigCTation process employing a closed two*- or three-stage propane refrigeration cycle, a 
closed two- or three-stage ethane or ethylene refrigeration cycle and an open methane 

30 refiigeration cycle employing two or more flash stages and wherein said methane-rich gas 
stream contains appreciable concentrations of C2+ hydrocarbons, the improvement 
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comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
exchange with a refrigerant stream from each pressure reduction stage in the propane 
refrigeration cycle and at least the ethylene refrigerant stream from the first pressure 

5 reduction stage in the ethylene refrigeration cycle thereby producing a cooled methane- 
rich stream; 

(b) introducing said cooled methane-rich stream into an NGL recovery column at 
one or more feed stages for separation into a first gas stream primarily comprising 
relatively more volatile components and a first liquid stream primarily comprising 

1 0 relatively less volatile components; 

(c) condensing and subcooling said first gas stream via indirect heat exchange 
with at least one refiigerant stream fix>m the ethane or ethylene refiigeration cycle and one 
or more flashed vapor streams from the open methane cycle thereby producing a 
pressurized and subcooled LNG stream; 

1 5 (d) ^cpanding said pressurized and subcooled LNG stream in tWo or more stages 

to a lower pressure to produce an LNG stream suitable for storage and at least two flashed 
vapoi: streams; 

(e) compressing at least a portion of said flashed vapor streams to a pressure, 
greater than the pressure existing in the NGL recovery column; and 

20 (f) cooling at least a portion of said compressed flashed vapor stream via indirect 

heat exchange with at least one refiigerant stream from the propane refiigeration cycle 
and at least one refiigerant stream from the ethane or ethylene refiigeration cycle thereby 
condensing said stream and thereafter introducing said condensed stream to the top 
portion of said NGL recovery column as an overhead reflux stream to enhance recovery 

25 of less volatile components. 

54. A process according to claim 53, wherein the cooling step of (g) fiirther 
comprising cooling said compressed ^s stream via indirect heat exchange with one or 
more flashed vapor streams. 

55. A process according to claim 53, additionally comprising the step of: 

30 (f) introducing said first liquid stream into an NGL purifying column at one or 

more feed stages to produce an NGL product stream comprising desirable less volatile 



WOgi88447 |http:/Vwww.g^tthepatentcorrb^ogin.dog/$sand^ Page,64 c/>79 

WO 01/88447 PCTAJSOl/15721 

-62- 

cotnponents fix)m the bottom and a second gas stream comprising more volatile 
components from the overhead of said NGL purifying column. 

56. A process according to claim 55, further comprising; 

(h) combining at least a portion of the second gas stream and at least a portion of 
5 one of said flashed vapor streams prior to compression of said combined stream via step 

57. A process according to claim 53, wherein cooling step (a) further conqjrises 
recovering at least one liquid stream from the stream undergoing cooling and feeding said 
liquid stream either directly or in combination with another stream to the NGL recovery 

10 column. 

58. A process of claim 53, wherein the step of cooling and introducing said methane- 
rich gas stream into the NGL recovery colimm further comprising: 

sq>arating in the cooling step of (a) said methane-rich gas stream having 
undergone initial cooling into a cooled vapor portion stream and a cooled liquid portion 
1 5 stream comprising condensed components; 

dividing said cooled vapor portion stream into a first v^or portion stream and a 
second vapor portion stream; 

furflier cooling said first vapor portion stream to at least substantial condensation 
as set forth in step (b) and introducing said stream into the upper portion of said NGL 
20 recovery column as a middle reflux; and 

introducing the remaining portion of said cooled methane-rich stream comprising 
said second vapor portion stream and said cooled liquid portion stream as separate or 
combined streams or only said second vapor portion stream into said NGL recovery 
column at one or more feed stages for separation into a first gas stream primarily 
25 comprising relatively more volatile components rich in methane and a first liquid stream 
primarily comprising relatively less volatile components. 

59. In a process for liquefying a pressurized methane-rich gas stream via a cascaded 
refiigeration process employing a closed fiuree-stage propane refiigeration cycle, a closed 
two-stage ethylene refiigeration cycle and an open methane refiigeration cycle employing 

30 at least three flash stages and three stages of compression and wherein said mefliane-rich 
gas stream contains s^preciable concentrations of hydrocarbons, the inq)rovement 
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comprising: 

(a) cooling at least a portion of said methane-rich gas stream via indirect heat 
ejfchange with a refrigerant stream from each pressure reduction stage in the propane 
refrigeration cycle and a refrigerant stream from the first pressure reduction stage ia the 

5 ethylene refrigeration cycle thereby producing a cooled methane-rich stream; 

(b) introducing said cooled methane-rich stream into an NGL recovery column at 
one or more feed stages for s^aration into a first gas stream primarily comprising 
relatively more volatile components and a first liquid stream primarily comprising 
relatively less volatile components; 

1 0 (c) introducing said first liquid stream into an NGL purifying column at one or 

more feed stages to produce an NGL product comprising desirable less volatile 
components from the bottom and a second g^ stream comprising more volatile 
components from the overhead of said NGL purifying column; 

(d) condensing and subcooling said first gas stream via indirect heat exchange 

15 witti at least one refiigerant stream from the ethane or ethjdene refiigeration cycle thereby 
producing a pressurized and subcooled LNG stream; 

(e) expanding said pressurized and subcooled LNG stream in one or more stages 
to a lower pressure to produce an LNG stream suitable for storage and at least three 
flashed vapor streams; 

20 (£) compressing at least a portion of said flash vapor streams and second gas 

stream via a multi-stage compressor to a pressure at least as great as that existing in the 
NGL recovery column; and 

(g) cooling at least a portion of said compressed flashed vapor stream via indirect 
heat exchange with at least one refiigerant stream from the propane refiigeration cycle, at 

25 least one flashed v^or stream, and at least one refiigerant stream from the ethylene 

refiigeration cycle thereby at least condensing said stream and thereafter introducing said 
stream to the top portion of said NGL recovery column as an overhead reflux to enhance 
recovery of less volatile components. 

60. In a process for liquefying a pressurized methane-rich gas stream via a cascaded 
30 refiigeration process employing a closed two- or three-stage propane refiigeration cycle, a 
closed two- or three-stage ethane or ethylene refiigeration cycle and an open methane 
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refrigeration cycle employing two or more flash stages and wherein said methane-rich gas 
stream contains appreciable concentrations of C5+ hydrocarbons, the improvement 
comprising: 

(a) separating the pressurized methane-rich gas stream into at least a first 
5 methane-rich gas stream and a stripping gas stream; 

(b) cooling at least a portion of said first methane-rich gas stream via indirect heat 
exchange with a refiigerant stream from each pressure reduction stage in the propane 
refiigeration cycle and at least the ethylene refiigerant stream from the first pressure 
reduction stage in the ethylene refiigeration cycle thereby producing a cooled methane- 

10 rich stream; 

(c) introducing said cooled methane-rich stream into an NGL recovery colunon at 
one or more feed stages, said stripping gas stream into the bottom section of said colimm, 
and a reflux stream into the top section of the column thereby producing a first gas stream 
from the top section of said column primarily comprising relatively more volatile 

1 5 components and a first liquid stream produced from the bottom section of said column 
comprising relatively less volatile conqponents produced; 

(d) condensing and subcooling said first gas stream via indirect heat exchange 
with at least one refiigerant stream from the ethane or ethylene resignation cycle and one 
or more flashed vapor streams &om the open methane cycle timeby producing a 

20 pressurized and subcooled LNG stream; 

(e) expanding said pressurized and subcooled LNG stream in two or more 
pressure reduction stages to a lower pressure to produce an LNG stream suitable for 
storage and at least two flashed vapor streams; 

(f) compressing at least a portion of said flashed vapor streams to a pressure 
25 greater than the pressure existing in the NGL recovery column; and 

(g) obtaining the reflux stream employed in step (c) by one of the following steps: 

(i) cooling at least a portion of said compressed gas stream of step (£) via 
indirect heat exchange with at least one refiigerant stream from the propane refiigeration 
cycle and one refiigerant stream from the etioiane or ethylene refiigeration cycle ibsrdby 

30 condensing said stream; 

(ii) further cooling at least a portion of said cooled methane-rich stream to at 
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least substantial condensation via indirect heat exchange with at least one ethane or 
eth}dene reMgerant streams from the ethane or efliylene refrig^tion cycle or at least one 
flashed vapor stream from the open methane cycle thereby producing a substantially 
condensed stream; 

5 (iii) employing a portion ofaLNG stream removed during tiie cooling of step 

(d);or 

(iv) the pressurized and subcooled LNG stream of step (d). 

61. A process according to claim 59, additionally comprising the step of: 

(h) introducing said first liquid stream into an NGL purifying column at one or 
10 more feed stages to produce an NGL product stream comprising desirable less volatile 
components from the bottom and a second gas stream comprising more volatile 
con^onents from the oveihead of said NGL purifying column. 

62. A process according to claim 60, wherein the alternatives set forth in step (g) for 
obtaining reflux fruth^ include: 

1 5 (v)compressing at least a portion of said second gas stream of st^ (h) to a 

pressure at least as great as that existing in tiie NGL recovery column and cooling at least 
a portion said compressed second gas stream via indirect heat exchange with at least one 
refrigerant stream from the propane refrig^tion cycle and one refrigerant stream from 
the ethane or ethylene refrigeration cycle thereby at least condensing said stream, or 

20 (vi) compressing at least a portion of said flash vapor streams and at least a 

portion of said second gas stream via a multi-stage compressor to a pressure at least as 
great as that existing in the NGL recovery column and cooling at least a portion of said 
compressed gas stream via indirect heat exchange with at least one refrigerant stream 
from the propane refrigeration cycle and one refrigerant stream from the ethane or 

25 ethylene refrigeration cycle thereby at least condensing said stream. 

63. A process according to claim 61 , wherein cooling step (a) fiirther comprises 
removing at least one liquid stream from the stream undergoing cooling and feeding said 
liquid stream either directly or in combination wittx another stream to the NGL recovery 
column. 

30 64. A process according to claim 61, wherein said stripping gas stream is cooled via 
indirect heat exchange with the first liquid stream prior to introduction into the bottom 
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section of the NGL recovery colnnm. 

65. In a process for liquefying a pressurized mefhane-rich gas stream via a cascaded 
refrigeration process emplo^dng a closed three-stage propaue refrigeration cycle, a closed 
two-stage ethylene refrigeration cycle and an open methane refrigeration cycle employing 
5 three flash stages and three stages of compression and wherein said methane-rich gas 
stream contains appreciable concentrations of C5+ hydrocarbons, the improvement 
comprising; 

(a) separating the pressurized methane-rich gas stream into at least a first 
methane-rich gas stream and stripping gas stream; 
10 (b) cooling at least a portion of said first methane-rich gas stream via indirect heat 

exchange with a refiigerant stream Scorn each pressure reduction stage in the propane 
refiigeration cycle and at least the ethylene refiigerant stream from the first pressure 
reduction stage in the ethylene refiigeration cycle thereby producing a cooled methane- 
rich stream; 

15 (c) introducing said cooled methane-rich stream into an NGL recovery column at 

one or more feed stages, said stripping gas stream into the bottom section of said column, 
and a reflux stream into the top section of the column thereby producing a first gas stream 
produced from the top section of said column primarily comprising relatively more 
volatile components and a first liquid stream produced from the bottom section of said 

20 tower comprising relatively less volatile components produced; 

(d) condensing and subcooling said first gas stream via indirect heat exchange 
with at least one refrigerant stream from the ethane or ethylene refiigeration cycle and one 
or more flashed vapor streams from the open methane cycle thereby producing a 
pressurized and subcooled LNG stream; 

25 (e) expanding said pressurized and subcooled LNG stream in three pressure 

reduction stages to a lower pressure to produce an LNG stream suitable for storage and at 
least two flashed vapor streams; 

(f) introducing said first liquid stream into an NGL purifying column at one or 
more feed stages to produce an NGL product stream comprising desirable less volatile 

30 components from the bottom and a second gas stream comprising more volatile 
components from the overhead of said NGL purifying coliunn; 
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(g) compressmg said second gas stream and at least a portion of said flashed 
vapor streams via a multi-stage compressor to a pressure at least as great as that existing 
in the NGL recovCTy column; and 

(h) cooling at least a portion of said compressed stream of step (I) via indirect 

5 heat exchange with at least one refrigerant stream from the propane refrigeration cycle, at 
least one flashed v^or stream, and at least one refrigerant stream from the ethylme 
refrigCTation cycle thereby at least condoising said stream and thereby producing the 
reflux stream employed in step (c). 



WO01 88447 |htt p:/AftfiftAv.getthepatent.(x>m /Lopin,dpg/$sandyTobb1 /Fetc^ 




WOfr188 447 r^p://vw.v. 9etthe patenLconVLo Q in.dcK3/$sandy.robb1 /Fet ch /woo 1884 



Page 71 of 79 




VyOp_1_88447^|http://www^ge^^ 



?aga»72 79 




WQOI Sfr^? P»tt p:/Avv\fiv.qetthepatentconx/Lo gin.doq /$san d y.robb1/FetchW 



Pagje7_3^f 79 




woo 1 88447Jittp:/;WA^ 



45396.74 of 79 




yyOC48&a347 R^m://v'Aw. getthepatent^m/Loqin.dCK|/$sandv.rob 

0 t> 




WOpi88447 |http:A'\AM^ ^age*76 *f 79 




VVQG^8S^7 p^tp://v/ww. getthep a tentcom/Lo Q tn.doQ/$sandv.robbiy Page 77 of 79 



WO 01/88447 * PCT/USOl/15721 




vyjO0.''§8MLI^t!p;/iy^^ .... 't'ag£.^?8af 7? 



WO 01/88447 



PCT/USOl/15721 



o 



S/9 



• e 

a. 



oo 



__L 




f 



P 



15 



OO 



1? 

Pi 



yt ^ IV <^ 



-T 
oo 



o 



1^ 



WO0f88p^7 |^tt p:/^wAv.qetthe patentcom/Loqin.doq /$s andy.rob b1/ FetchyW 



Page 79 of 79 



INTERNATIONAL SEARCH REPORT 



lULemauonai sqjpucauon rio. 
PCT/USOl/15721 



A. CIJiSSIFICATJON OF SUBJECT MATTER 

IPC(7> : F25J 3/00. 1/00 

ySCL : 62/630,612,614 
According to_Intenifltional Patent Classification flPC) or to both national classifi^tion and IPC 



FIELDS SEARCHED 



Minimum docomemation searched (classification system fbnowed by dassificatioo symbols) 
U.S. : 62/630. 612, 614. 611. 613, 617. 619, 620 



Docomentation seatched other than mitiinnim documentation to the extent that such documents are inchided in the fields searched 
None 



Electronic data base consulted during the intemational search (name of data base and. where piacticable, search terms used) 
None 



C. DOCUMENTS CONSIDERED TO BE REI£VANT 



Category ' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevaiu to claim No. 



X,P 

Y,P 
Y 
A 
A 
A 
A 
A 



US 5,799,507 A (WILKINSON et al) 01 September 1998 (01.09.1998), see figure 1 
US 4.690.702 A (PARADOWSKI et al) 01 September 1987 (01.09.1987). see figures 1-3. 
US 5,291.736 A (PARADOWSKI) 08 Match 19P4 (08.03.1994). see entire document. 



US 6,116,050 A (YAO et al) 12 September 2000 (12.09.2000), see entire document. 

US 5.669,234 A (HOUSER et al) 23 September 1997 (23.09.1997). see entire document. 
US 3,724.226 A (PACHALY) 03 April 1973 (03.04.1973), see figures 1 and 2. 
US 4,065.278 /L(NEWTON et al) 27 December 1977 (27.12.1977). see figure 1. 
US 4,430,103 A (GRAY et al) 07 February 1984 (07.02.1984), see entire document. • 
US 5,615,561 A (HOUSHMAND et al) 01 April 1997 (01.04.1997) see entire document. 
US 5.950.453 A (BOWBN et al) 14 Septenbar 1999 (14.09.1999). see figure 3. 



1.3,4 

1,3.4,6 and 7 

1,3.4,6,7,11,13- 
15.24.26,29 



35-40.42-52 

1-7,11-17,24. 
27.29,30 



1-65 
1-65 
1-65 
1-65 
1-65 



( I Further documents are listed in the continuation of Box C. I | See patent fanuly azmex. 



« special catenaries of died documents: 

"A** dociBiKStdefhibgl2tegaienJEtateoflliean5»UdikQO(co^ 
of partkolsr relevance 

earfler qpp&cailoa or patent paUished on or after the international ftling date 

"L** duc mu e ni wtiicti may f&rgw doobts on priority clidm(s) or wfaicb Is cited to 
cstabOiIi the poMicaffan date of moiher citatlini or other ipecial teasoa (as 
specified, 

*0* refeniog to en oral disclosore, use, cotUUtfon or otter means 

*P** <t«> e iii*ip » t pabOshed prior to (he IntexnaflDaal Gfing date but later than the 
priority date Tlahr^ 



later dootnifnt published after the intemational filing date or priority 
date and not in cooflict wUh Ibc appQcaiiott boi cited to understand the 
prinriple or theory mukrtyfaig the invenljon 

docmnent of psnicolar relevance; the claimed inventloa canxux be 
eooskfesed newel or cannot be considered to faivdlve an inventive step 
wbco (he docmneot Is taken alone 

docoment of particular relevance; the claimed invention cannot be 
ooosidaed to Involve an inventive step when the docomenl is 
f !f ii pti^n fi^ with ooe or more odier cnch doconmts, soA coodHnadon 
being obvkns to a person skilled fai the art 

dtocnmrnt tnetnber of (he tame patent Gmdly 



Date of the actual compledon of the international search 
12 July 2001 (12,07.2001) • 



Date of mailing of the intemational search report 

22 AU62001 

Authorized ofifxoer 

William CDocrrler jQ/fl/XU- sZ/W^'^^ 
Telephone No. (703)308-0861 



Name and tnaiitng address of the ISA/US 
Cnm mitri oner of Patents andTrtdemaiti 
Box PCT 

VasfaSnKKn, D.C. 20231 

Facsinule No. (703)305-3230 



Form PCT/lSA/210 (second sheet) (July 1998) 



» - • -> 



This Page Blank (uspto) 



